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ABSTRACT

Section I of this report contains a classification scheme 

for short period tilt data. For convenience, all fluctuations in the 

local tilt field of less than 24 hours duration will be designated SP 

(i.e., short period) tilt events. Three basic categories of waveshape 

appearance are defined, and the rules for naming the waveforms are 

outlined. Examples from tilt observations at four central California 

sites are provided.

Section II contains some coseismic tilt data. Fourteen earth 

quakes in central California, ranging in magnitude from 2.9 to 5.2, were 

chosen for study on four tiltmeters within 10 source dimensions of the 

epicenters. The raw records from each of the four tiltmeters at the 

times of the earthquakes were photographed and are presented in this 

section.

Section III contains documentation of computer programs used 

in the analysis of the short period tilt data. Program VECTOR computes 

the difference vector of a tilt event and displays the sequence of events 

as a head-to-tail vector plot. Program ONSTSP 1)requires two component 

digitized tilt data as input, 2)scales and plots the data, and 3)computes 

and displays the amplitude, azimuth, and normalized derivative of the 

tilt amplitude. Program SHAJRPS computes the onset sharpness, (i.e., the 

normalized derivative of the tilt amplitude at the onset of the tilt event) 

as a function of source-station distance from a model of creep-related 

tilt changes. Program DSPLAY plots the digitized data.
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CLASSIFICATION SCHEME FOR 

SHORT PERIOD TILT EVENTS



INTRODUCTION

The U.S.Geological Survey maintains an array of approximately 40 

biaxial borehole tiltmeters in central California. The data from four 

of these tiltmeters (Libby, LIB; Sage South, SAS, Melendy, MEL; and Bear 

Valley, BVY - see Figure 1-1 ) was selected for this investigation. The 

station-to-fault and interstation distances are recorded in Table 1-1. 

The instrument resolution is about 10~° rad., although under ideal 

noise-free condidtions somewhat smaller changes can be detected if they 

occur within a few minutes. The data, passed through a 20 second output 

filter, is sampled at 10 second intervals. A description of tiltmeter 

installation and operation is contained in Johnston and Mortensen (1974) 

and Mortensen and Johnston (1975).

For convenience, all fluctuations in the local tilt field of less 

than 24 hours duration will be designated short period (ie,SP) tilt 

events. Visual examination of the raw records discloses that many of the 

perturbations in the tilt field may be classed as SP events. Preliminary 

analysis of the data indicates 1) .that there are many different physical 

processes capable of affecting the local tilt field, and 2) that there 

may be a large variety of waveshapes associated with a particular physical 

process.

Often the source of the event is unknown or only tentatively identified, 

so that reference to the SP event must be made without implying a physical 

mechanism. Although the SP event waveshapes are quite variable, there are 

some waveforms that repeatedly occur. Thus it would be useful to refer 

to a particular event type without reference to the event source.
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Classification of Short Period Events

The following notation is proposed for SP tilt events based upon 

their appearance in the raw records (ie, monitoring tilt component 

amplitude versus time and sampled at 10 second intervals with a chart speed 

of 0.5 inch/hour; the tilt data in figures 1-2 through 1-5 were taken 

from enlarged copies of the Rustrak records that were digitized and 

computer processed to a common scale - see Section III-D; Program DSPLAY):

SPI: Impulsive events. These events are characterized by a very 

rapid onset and decay, typically appearing as "spikes" in the tilt 

amplitude (figure I-2a).

SPS: Step-like events. These events are characterized by a very 

rapid onset resulting in a permanent (or apparently permanent) offset in 

tilt amplitude. ( figure I-2b).

SPO: Oscillatory tilt signatures. These events are quasi-sinusoidal 

in appearance, and may have one or many zero crossings after the onset of 

the event ( figures I-2c, d,e). In some cases it may be convenient to 

distinguish between events with different numbers of zero crossings, in 

which case "0" followed by the number of zero crossings, or "m" (ie,"many") 

can be used. (e.g., the waveshape in figure I-2c can be designated SP01; 

figure I-2d, SP02; and figure I-2e, SPOm).

Waveshapes combining the above features can be designated by combining 

the appropriate symbols, using the convention that I will be placed before 

S and 0, and S before 0 (the number of "zero crossings" in the case of a 

combined event can be taken as the number of half-periods existing in the 

"0" part of the event). For example, waveshapes can be designated SPIS 

(figure I-3a), SPII (figure I-3b), SPSO (figure I-3c),SPIS01 (figure I-3d), 

SPS02 (figure I-3e), SPSS (figure I-3f), and SPSOm (figure I-3g).
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Subsets of this classification scheme may be defined when the physical 

origin of the SP tilt event is known, eg., creep-related, coseismic. The 

following scheme establishes the basic categories and is capable of further 

extension:

I) SR events - These events are produced by episodic, nonseismic 

slip on a fault or fracture (ie., slip-related tilt events). The actual 

waveshapes may be quite variable depending upon the source-station geometry 

and the type of slip occuring. Two subgroups have been identified:

a) SEN events - These are SP tilt events with residual offsets that 

are suspected to have been produced by a slip process - either at depth 

on the San Andreas fault or on a fracture subsidiary to the San Andreas 

fault, but that could not be related to events on nearby creepmeters. 

(This category would include the SR events discussed in McHugh and Johnston 

(1976).)

b) SRC events - These are SP tilt events associated with, or caused 

by, surface creep episodes. Included in this category, are the creep-related 

tilt events discussed in Mortensen et al. (1975), Johnston et al, (1976), 

and McHugh and Johnston, (1976).

II) CS events - These are coseismic tilt signatures, ie., SP tilt 

events produced by a slip process that radiates seismic energy.

a) CST events - Coseismic signatures produced by local earthquakes LI-

(figure I-2a.2, I-4a, magnitude and source^station distance indicated by H, 

and D respectively).

b) CS events - Tilt signatures produced by teleseisms (figures 

I-2e, I-4b:body wave and surface wave magnitude indicated by M^ and MS 

respectively, earthquake occurrence time in hours GMT is in parentheses).
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III) R- tilt signature produced by rainfall. Figure 1-5 shows 

examples of R events at MEL for the amounts of precipitation indicated 

in parentheses.

IV) P - tilt signature produced by barometric pressure flucuations, 

such as may occur with the passage of a major storm front. The tilt 

amplitude change expected for a major storm can be estimated from Savino

and Rynn (1972):
f" ~\

4 IT y l__ + ^ Lje

where w is the vertical deflection at depth Z_t _L is the wavelength of 

the pressure wave, and J? is the pressure. Estimating the tilt, 0 , at the 

surface to be w/(L/2), the change in tilt caused by a change in pressure 

becomes:

A0 =3AP/(4iry) with X'v/y. 

Pressure changes of up to 0.1 to 0.2 in .-Hg occurring within 3 hours

have been recorded at the San Francisco International Airport (National

_9 
Climatic Center, NOAA), thus reversible tilt changes of up to 5.4 x 10 rad

within 3 hours (SPP events) may be associated with major storm fronts. A 

visual examination of tilt records from the stations shown in Figure 1-1 at 

times of major barometric pressure changes (and excluding times of rainfall - 

figure 1-6) failed to reveal any perturbations above the instrument

_Q

resolution (10 rad). It is expected, therefore, that P events will not

 8 
be seen above the 10 rad level; they may be significant on instruments

with greater resolution.
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In addition to cultural noise and solid earth tides, tiltmeters

 8 
may be influenced at the 10 rad level, or greater, by ground water

fluctations and thermal changes; however, these would generally have a 

duration greater than 24 hours and so would not be properly classed 

as SP events.
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TABLE 1-1

Interstation and Station-to-Fault Distances

Distance (km)

LIB - SAS 7.0

BVY - MEL 2.2

SAS - fault 1.3

LIB - fault 2.0

MEL - fault 0.37

BVY - fault 1.6

Instrument Locations

LIB: 36°41.67'N, 121°20.60'W

SAS: 36°41.00'N, 121°16.08'W

MEL: 36°35.38'N, 121°10.63'W

BVY: 36°34.27'N, 121°11.23'W
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II
SOME COSEISMIC TILT DATA FROM FOUR 

CENTRAL CALIFORNIA TILTMETERS DURING 1974-1975
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INTRODUCTION

Fourteen earthquakes in central California, ranging in 

magnitude from 2.9 to 5.2, were chosen for study on four tiltmeters 

(Figure 2-1) within 10 source dimensions of the epicenters. Routine 

location of the epicenters places the events west of the San Andreas 

fault (Group I events, Figure 2-1). Therefore, 6 of the epicenters were 

relocated by inspection onto the fault (Group II events, Figure 2-1). 

Four of the remaining events were relocated using a computer routine 

developed for this purpose (Group III events, Figure 2-1). Tables 2-1 

and 2-2 list the source data for the 14 events, and tables 2-3 and 2-4 

list the source-station distances and directions.

Figure 2-2 is composite sketch of a typical coseismic tilt 

change. The impulse is designated '!' and the residual offset ! S f . 

Table 2-4 lists the observed amplitudes, subscript a_, and directions, 

subscript _z, of the coseismic impulses and residual offsets. Photographs 

of the tiltmeter records from each of the four sites, shown in Figure 

2-1, at the time of the earthquake occurrence are shown in Figures 2-3a 

through 2-3n.
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Table 2-1

Earthquake Data for Group I Events

No. Date Ho

1
2
3 
4
5 
6 
7 
8 
9 

10 
11 
12

P14

10 Jan 
8 Mar 

12 Jun 
15 Jun 
6 Jul 
4 Aug 
7 Sep 
8 Sep 

28 Nov 
31 Dec 
23 Feb 
3 Mar 

26 Mar 
14 Jun

1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1975 
1975 
1975 
1975

(GMT)

1122 
1910 
1921 
1749 
0403 
1503 
2045 
1116 
2301 
2022 
1724 
1134 
2013 
1256

I-HUC

36-57.08 
36-38.26 
36-44.24 
36-43.78 
36-32.96 
36-36.19 
36-33.58 
36-35.16 
36-54.95 
36-55.90 
36-33.60 
36-55.96 
36-38.27 
36-40.11

-uungit

121-35 
121-17 
121-23 
121-23 
121-11 
121-15 
121-12 
121-14, 
121-28. 
121-28. 
121-11. 
121-28. 
121-16. 
121-20.

:uae

.86 

.51 

.41 

.64 

.18 

.13 

.24 

.20 

.63 

.20 
,44 
38 
93 
03

(Depth)
(km)

7.84 
4.33 
6.43 
6.54 
5.33 
5.61 
8.32 
7.77 
5.51 

10.20 
5.00 
7.98 
3.86 
5.61

M 
L

4.20 
3.14 
3.70 
3.28 
3.07 
3.17 
3.22 
2.86 
5.20 
4.40 
3.27 
4.30 
3.16 
3.22

ERH
(km)

.4 

.5 

.4 

.5 

.5 

.4 

.4 

.4 

.3 

.4 

.4 

.5 

.5 

.4

ERZ
(km)

.6 

.6 

.5 

.7 
1.1 
.6 
.7 
.7 
.9 
.5 
.5 
.7 
.4 
.6

M : local magnitude. L

ERH, ERZ: one standard deviation in the horizontal and vertical locations 
respectively.
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Table 2-2

Data for

No.

1.

2

3

4

5

6

7

8

9

10

11

12

13

14

Date

10

8

12

15

6

4

7

8

28

31

23

3

26

14

Jan

Mar

Jun

Jun

Jul

Aug

Sep

Sep

Nov

Dec

Feb

Mar

Mar

Jun

1974

1974

1974

1974

1974

1974

1974

1974

1974

1974

1975

1975

1975

1975

Latitude

36°

36°

36°

36°

36°

36°

36°

36°

36°

36°

39.5'

44.9'

44.6'

34.08'

37.10'

34.72'

36.35'

34.8'

39.3'

41.5'

Group II and III Events

Ho 
Longitude (Depth) M^ ERH ERZ 

(km) (km) (km)

121°15,

121°22,

121°22,

121°09.

121°12.

121°10,

121°12,

121°10,

121°15,

121°18

.9'

.6'

.2'

,36' 2.9 3.1 1.0* 1.0* "VMS

.83' 6.30 3.17 .2 .2 +

.11' 6.63 3.21 .2 .4 +

,04' 6.95 2.86 .2 .2 +

,0'

.7'

,4'

* ERH, ERZ estimated from RMS value (Engdahl and Lee (1976)).

ERH, ERZ are 2 standard deviations in the earthquake position. 

Columns left blank indicate values are the same as in Table 

Group III Events: 6 July, 4 Aug, 7 Sep, 8 Sep, 1974.

.11
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TABLE 2-3

Station-Epicenter Distance and Azimuth 
for Group I Events

DATE

10 Jan
8 Mar

12 Jun
15 Jun
6 Jul
4 Aug
7 Sep
8 Sep 

28 Nov 
31 Dec 
23 Feb
3 Mar 

26 Mar 
14 Jun

1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1975
1975
1975
1975

LIB
D(km)
o

36.4
7.8
6.3
6.0

21.4
13.0
19.5
15.4
27.3
28.6
20.2
28.9
8.3
3.0

Az(°)

321
144
319
311
139
141
140
142
334
337
138
336
139
164

SAS
D(km)
o

41.8
5.5

12.5
12.4
16.6
9.0

14.9
11.2
31.8
32.9
15.3
33.2
5.2
6.1

Az(°)

315
203
299
295
154
171
157
165
324
327
153
327
194
254

D(km
o

55.0
11.6
25.1
24.8
4.6
6.9
4.1
5.3

45.0
46.1
3.5

46.3
10.8
16.5

MEL
' Az(°)

317
297
311
309
190
283
216
266
323
325
200
325
300
302

BVY
D(km) Az(°) 
o

55.9
11.9
25.9
25.5
2.4
6.8
2.0
4.7

46.2
47.3
1.3

47.5
11.3
17.0

319
308
315
314
178
301
230
290
326
328
194
328
311
310

Azimuth computed clockwise from north at station
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DATE

TABLE 2-3

Station-Epicenter Distance and Azimuth 
for Group I Events

10 
8 

12 
15 
6 
4 
7 
8 

28 
31 
23 
3 

26 
14

Jan 
Mar 
Jun 
Jun 
Jul 
Aug 
Sep 
Sep 
Nov 
Dec 
Feb 
Mar 
Mar 
Jun

1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1975 
1975 
1975 
1975

\-i
D(km) 
o

36.4 
7.8 
6.3 
6.0 

21.4 
13.0 
19.5 
15.4 
27.3 
28.6 
20.2 
28.9 
8.3 
3.0

iJD

Az(°)

321 
144 
319 
311 
139 
141 
140 
142 
334 
337 
138 
336 
139 
164

k 

D(km)
0

41.8 
5.5 

12.5 
12.4 
16.6 
9.0 

14.9 
11.2 
31.8 
32.9 
15.3 
33.2 
5.2 
6.1

JAS 
Az(°)

315 
203 
299 
295 
154 
171 
157 
165 
324 
327 
153 
327 
194 
254

D(km) 
o

55.0 
11.6 
25.1 
24.8 
4.6 
6.9 
4.1 
5.3 

45.0 
46.1 
3.5 

46.3 
10.8 
16.5

MEL 
Az(°)

317 
297 
311 
309 
190 
283 
216 
266 
323 
325 
200 
325 
300 
302

D(km) 
o

55.9 
11.9 
25.9 
25.5 
2.4 
6.8 
2.0 
4.7 

46.2 
47.3 
1.3 

47.5 
11.3 
17.0

BVY 
Az(°)

319 
308 
315 
314 
178 
301 
230 
290 
326 
328 
194 
328 
311 
310

Azimuth computed clockwise from north at station
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Table 2-4

DATE

10 Jan 1974
8 Mar 1974

12 Jun 1974
15 Jun 1974
6 Jul 1974
4 Aug 1974
7 Sep 1974
8 Sep 1974 

28 Nov 1974 
31 Dec 1974 
23 Feb 1975
3 Mar 1975 

26 Mar 1975 
14 Jun 1975

Station-Epicenter Distance and Azimuth 
for Group II and III Events

LIB
D(km)
o

8.1
6.7
5.8

21.9
14.3
20.2
16.1

20.3

8.5
3.4

Az(°)

120
334
336
130
126
129
128

129

121
97

SAS
D(km)
o

2.9
12.1
11.2
16.3
8.7

14.6
10.5

14.7

3.2
3.5

Az(°)

175
307
306
142
146
143
145

142

170
284

MEL
D(km)
o

10.9
25.1
24.2
3.1
4.6
1.4
2.8

1.5

10.5
16.1

Az(°)

314
315
315
142
314
148
311

141

314
314

BVY
D(km)o

11.8
26.0
25.1
2.8
5.8
1.9
4.0

2.0

11.4
17.0

Az(°)

324
319
319
97

336
64

343

64

324
321
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Table 2-4

Station-Epicenter Distance and Azimuth 
for Group II and III Events

DATE

10 Jan
8 Mar

12 Jun
15 Jun
6 Jul
4 Aug
7 Sep
8 Sep

28 Nov
31 Dec
23 Feb
3 Mar

26 Mar
14 Jun

1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1975
1975
1975
1975

LIB
D(km) Az(°) 
o

8.
6.
5.

21.
14.
20.
16.

20.

8.
3.

1
7
8
9
3
2
1

3

5
4

120
334
336
130
126
129
128

129

121
97

SAS
D(km) Az(°) 
o

2.9
12.1
11.2
16.3
8.7

14.6
10.5

14.7

3.2
3.5

175
307
306
142
146
143
145

142

170
284

MEL
D(km) Az(°) 
o

10.9
25.1
24.2
3.1
4.6
1.4
2.8

1.5

10.5
16.1

314
315
315
142
314
148
311

141

314
314

BVY
D(km) Az(°) 
o

11.
26.
25.
2.
5.
1.
4.

2.

11.
17.

8
0
1
8
8
9
0

0

4
0

324
319
319
97

336
64

343

64

324
321
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37° 00'
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NOTE -

All events were retimed for this investigation. Some of the times 

shown in the photographs may not necessarily correct. In sections 

where confusion may arise, the earthquake occurrence time is marked 

by the arrow superimposed on the photograph.

The dashed trace is east-west (+X=east), the continuous trace is 

north-south (+y=north). The only exception to this orientation is 

SAS prior to 19 Dec. 1974 (when -hx=south, +y=east).

Amplitude scale at LIB, SAS, and BVY: 1 microrad. = 17 small divisions; 

at MEL: 1 microrad. =3.4 small divisions. Time scale is 1 hour 

between the time marks (the short horizontal bars in the middle 

of the record).
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DOCUMENTATION OF SOME PROGRAMS 

USED IN THE ANALYSIS OF SHORT PERIOD 

TILT DATA

3-A.O



A: PROGRAM VECTOR
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Introduction

VECTOR takes tilt component data in (x, y) form and displays it 

as a series of head-to-tail vectors. Although any vector component 

data may be used as input (with the appropriate modifications made 

in the main program), this program has been specifically designed to 

compute the vector difference between initial and final (x, y) values. 

The output consists of 1) a listing of the input data and the amplitude 

and azimuth of the difference vector and 2) a plot of the input data in 

head-to-tail vector form. With VECTOR, the user may examine the temporal 

variation of a vector quantity and determine, for example, 1) trends 

in the difference vector's amplitude or direction, 2) the cumulative 

change in the vector's position, and 3) the rate of change of the vector's 

amplitude or azimuth.

Access and Use

This program is intended for use on the LBL 6600B or C computer and 

the Tektronix (4010-1) terminal. VECTOR may be accessed using the 

command:

.LOAD, VECTOR, MCHUGH

The program operation requires approximately 50K of core. VECTOR will 

automatically link to the appropriate plotting routines. Consequently, 

the .LOAD command may be followed by .RUN.
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Unless line 6 in the program listing is changed, the input data 

will be read from TLTEW in library MCHUGH. No input from the operator 

is required until the program is ready to start plotting the data.

Input

It is assumed that the data stored on TLTEVN is in the form:

1) N = number of data blocks (e.g., from individual stations), 

12 format

2) Header card with station name, A10 format

3) Data block:

Each line (card image) must consist of the date and time

of the event, the initial and final (x, y) coordinates,

and the scale factor. It is assumed that + x = EAST

and 4- y = NORTH. The Sage South data prior to 19 December

1974 (when + x = SOUTH and 4- y = EAST) is automatically

corrected.

The variable sequence and format is:

NMONTH, NDAY, NYEAR, TIME, XIN, YIN, XFN, YFN, FACTOR

(e.g., 04/12/74-2230 22.3 -3.7 21.8 -4.3 17.)

12, IX, 12, IX, 12, IX, A4, IX, 4(F7.21X), F10.3

The month, day, and the last two digits of the year are

in integer form. XIN and YIN are the initial (x,y)

position of the vector, and XFN and YFN are the final

(x,y) position. It is assumed that the x,y data must

be changed from their input scale to microadians by

dividing by FACTOR.
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4) End card:

The end of the data block is a card with XIN, YIN, 

XFN, and YFN set equal to +999.99.

5) The number of "header card and data block" sequences

must equal N. That is, the data is arranged as follows:

N

(
Header Card 

Data Block 

End Card 

.. ^^.-^^

Header Card

Data Block 

End. Card
^

EOR

If a different input format is desired, lines 32, 35, and 38 may be 

changed. The Sage South (SAS) data prior to 19 December 1974 is affected 

by lines 54 through 59. The month in integer form is changed to an 

alphabetic code by lines 42 through 53.

Output

The output for each station consists of 1) a listing of the input 

data and the amplitude and azimuth of the difference vector and 2) a 

head-to-tail vector plot of all the data in each data block.
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The list is written out in the form:

DAY, MONTH, YEAR, TIME, XIN, YIN, XFN, YFN, AMP, AZM

If one or more of the (x, y) data points is unknown (i.e., equal to 

+999.99), the azimuth is set equal to +999.99 and that vector is not 

plotted. The Tektronix screen is automatically cleared prior to the 

data list and after every 25 lines of data have been displayed. A 

hard copy is automatically made of the screen after 25 lines of data 

have been printed. The program sums the x and y coordinates of each 

vector (with an azimuth not equal to +999.99), and computes the 

amplitude and azimuth of this cumulative vector. This information 

is displayed and hard copied after the data listing is terminated.

Immediately prior to the vector plot, the computer will list the 

total amplitude of the vectors (that is, the sum of the individual 

amplitudes), and ask if any scaling is required for the plot. If an 

N (no) is entered, the distance from the center of the screen to the 

margins is set equal to the total amplitude of the vectors. If scaling 

is desired, enter Y (yes); the computer will respond:

Enter right- and left-hand margin coordinates, 

Then lower and upper margin coordinates.

The four numbers corresponding to the margin positions must be entered. 

The vector plot is displayed once the scaling information is entered 

(the start and end times of the plot are also listed). After the 

plotting is finished, the computer responds:



0 - Return to main program, 1 - new plot.

If a 1 is entered, the computer asks for new scaling information; 

and the plot is re-drawn. If a 0 is entered, a hard copy of the plot 

is automatically made, and data from the next data block is written.

Results and Discussion

Pages 3-A.9 through 3-A.30 show the short period tilt event data 

from four central California sites (Libby - LIB, Sage South - SAS, Melendy - 

MEL, and Bear Valley - BVY; Figure 3-A1). Each vector represents the 

change in tilt produced by an SR event (Figures 3-A2a and 3-A2b). Each 

SR event and the associated (x»y) data from June 1973 through June 1975 

at LIB and SAS and April 1974 through May 1975 at MEL and BVY were read 

from the Rustrak records, and are listed and plotted by VECTOR; The 

cumulative change in tilt represented by the SR events is 2.6 yrads and 

219° from north at LIB, 2.9 yrads and 76° at SAS, 7.0 yrads and 342° at MEL, 

and 0.3 yrads and 6.8 at BVY. In general, these trends are fairly well 

established at each station. Although the vectors appear to change in 

random directions at MEL initially, the trend for the last half of the data 

is north by northwest.

The SR event data indicate that there is a systematic, long-term trend 

to the short-period changes at each station. Although the trend at each 

station is different, it is clear that the SR events do not represent random 

changes in the tilt field. The systematic trends may indicate the SR event 

source is slip-related. Models for SR events have been discussed in 

McHugh and Johnston (1976) and McHugh (1976a and 1976b). Further 

discussion of SR events follows in the next section.
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EXAMPLE OF VECTOR OPERATION



LIBBY
16 JUN 1973-2933
18 JUN 1973-8339
13 JUN 1973-2033
13 JUN 1973-6439
25 JUN 1973-1855
5 JUL 1973-1133
5 JUL 1973-1S45
14 JUL 1973-0339
15 JUL 1973-8633 
21 JUL 1973-9915 
23 JUL 1973-8633 
26 JUL 1973-9145 
31 JUL 1973-8233 
2 AUG 1973-1639
6 AUG 1973-23S9
7 AUG 1973-84©9 
18 SUG 1973-1138 
12 AUG 1973-2133 
21 ftUG 1S73-9938 
23 AUG 1973-8489

4.58 -8.29 
26 AUG 1973-97S9
6 ^F 1973-1888 
19 SEP 1973-9739 
22 SEP 1973-9633 
12 OCT 1973-1933

13.89
13.88
13.80
14.88
-.80 
.10

-.30
-1.69
-1.10
-2.80
-2.09
-7.19 
2.89 
2.19

2.88 
-.38 
6.60 
5. S3
.149 
4.68 
2.83 
2.89 
1.99

-4.20

-9.88
-11.88
-12.99
-13.88
-5.69

  1 £. ®Z£% AO .  >.%}

-16.79

-4.59
.. .  J . w^3
19.33
-i.aa
-6. S3
12.89
i4.se

53

213.82 
-12.33

4 *£/ . '* '-»

12.59
13.58
13.50
14.39
-1.98 

.18

-1 29i . l&irt?

-1.98
- 1 jSfll l> . v.-t3

-7.18 
2.88

2.79 
-2.18

2.79
1.69
1.18

-4.58

-9.88
-11.88
-12.98
-13.18
-6.28
-16.79

-3.18

 11.
 1.
 7.
 13.
 14.

-6.

147
147

893
186
859

270.99 
S0.80 

279. S9 
188.43 
198.43
JL vlV^jy y^fy

153.43

195.S5

813
243.43
153.43
279.83
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LIBBY
it OCT 1973-8145 -3.80 9.69 -3.18 9.58
7 OCT 1973-8238 -3.50 11.80 -3.88 11.88 .029
7 OCT 1973-2130 -4.08 13.20 -3.88 14.80 .849 14.84
3 OCT 1973-2660 -5.89 16.00 -5.10 16.80 .047 352.87

1-7 OCT 1973-1330 -3.50 26.50 -9.58 25.88 .106 213.69
2 NQU 1973-1S80 -6.88 3.08 -7.58 2.59 .051 234.46
4 NQU 1973-2160 -10.88 7.50-19.80 7.88 .018 8.
12 HOU 1973-1900 -15.50 23.80 -15.60 23.58 .838 348.69
7 FEB 1974-9130 .58 8.58 -.58 8.50 .859 278.68
7 FEB 1974-0530 -2.10 8.58 -2.63 8.58 .829 279.88
2 MAR 1974-8480 12.88 25.09 11.58 26.£9 .066 333.43
13 APR 1974-1915 16.50 -8.80 13.50-11.80 .250 225. 0
3 MAY 1974-6633 7.30 2.58 7.50 3.80 .832 21.88
 3 MAY 1974-2130 13.89 7.00 12.00 8.88 .883 315.88
23 MAY 1974-1580 26.29 5.88 25.29 5.89 .859 279.89
3 JUN 1974-1845 -6.19 -11.88 -6.58 -11.00 .824 279.89

JUN 1974-8299 -2.88 -17.80 -4.50 -17.88 .111 244.88
JUL 1974-1680 -4.58 -15.88 -5.C0 -15.80 .829 279.88

4 JUL 1974-1833 -5.88 -16.29 -4.00 -16.20 .859 98.89
7 JJL 1974-9989 -4.80-17.80 -8.00-1 
7.29 .189 266.42
18 JUL 1974-1539 -9.88 -17.29 -9.48 -17.29 .824 -90.60
14 .JUL 1974-1845 -8.53 -17.58 -9.99 -17.50 .829 278.88
19 JJL 1974-0999 2.89 -2.88 9. -4.50 .188 218.66
22 JJL 1974-6489 -2.89 -6.50 -1.00 -8.89 .186 146.31
26 JJL 1974-a389 -1.80-19.89 -1.00 -9.29 .847 0.
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LIBBY
26 JUL 1974-1108 -1.50 -11.50 -1.80 -12.88 .042 135.08
27 JUL 1974-0788 -1.50 -12.00 -1,20 -13.10 .067 164.74
39 JUL 1974-0180 -2.80 -15.80 -2.20 -16.08 .917 225.88
9 AUG 1974-1830 -1.00 -9.60 -.50 -9.00 .846 39.81
14 RUG 1974-0800 -5.80 -16.00 -5.58 -17.88 .866 296.57
13 AUG 1974-6230 -1.50 -9.80 -2.00-18.48 .846 219.81
19 AUG 1974-1388 -2.60 -15.10 -.58 -18.80 .192 152.65
26 AUG 1974-0245 -4.00 -20.78 -4.20 -20.00 .843 344.83
18 SEP 1974-1845 4.58 7.80 4.98 7.88 .029 278. EB
26 SEP 1974-1530 -5.00 -1.69 -6.60 -2.00 .883 225. 89
11 OCT 1974-1568 -8.89 2.30 -8.50 2.©8 .825 135.£8
13 OCT 1974-2880 -11.00 6.88 -14.60 4.30 .238 238.19
25 OCT 1974-2345 -18.60 28.88 -18.60 29.58 .829 0.
27 OCT 1974-2288 -19.20 22.68 -26.66 14.58 .596 222.29
29 OCT 1974-1190 -26.00 14.88 -26.66 15.08 .812 8.
11 NOU 1974-0238 -3.50 21.80 -4.66 22.88 .666 333.43
14 DEC 1974-0145 4.50 13.68 5.38 13.38 .656 69.44
14 DEC 1974-1130 3.56 14.68 3.89 13.79 .834 239.04
23 DEC 1974-1238 21.50 7.58 29.58 7.58 .059 278.89
3 -JAN 1975-0889 3.50 3.50 3.86 4.60 .0 

34 38.96
21 JAH 1975-1398 -4.00 1.8© -3.80 2.68 .917 45.88
23 JAN 1975-6438 5.30 3.50 5.38 4.68 .825 8.

I 11 FEB 1975-0345 11.09 5.68 19.88 4.38 .872 235.81
11 FEB 1975-1238 11.80 5.29 16.46 5.88 .837 2S1.57
17 FEB 1975-8455 22.00 8.38 21.79 7.38 .861 1S6.70
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LIBBY
1 MAR

29 MAR
38 MAR

1 APR
13 APR
2S APR
2 MAY
2 HAY
2 MAY
2 MAY
3 MAY
3 MAY
4 MAY

1975-1155
1975-2388
1975-6638
1975-1438
1975-0738
1975-2389
1975-6298
1975-0445
1975-0638
1975-1388
1975-8545
1975-1645
1975-1458

2.
-12.
-14.
999.
999.
-7.
-7.
-8.
-7.
-8.

-18.
-11.
-13.

00
58
88
99
99
58
18
58
88
88
88
58
80

-1.
3.
3.

22.-8.
999.

5.
4.
4.
2.

-2.
-5.
-9.

58
88
58
88
80
99
88
59
es
80
88
88
19

2
-13
-15
999
999
-9
-7
 8
 7
-8

-18
-11
-13

.88
^
88
.99
.99
.£9
.©8
.50
69
.88
^
!s0
.80

0
4
6

21
-9

999
6
5
4
2
-2
-5
-9

.08

.88

.80

.68

.99

.18

.2%

.29

.28

.23

.29

.88

.189

.066

.146

.859

.059

.888

.819

.013

.012

.012

.035

.335

.618

28.87
333.43
355.43
999.99
999.99
999.99
18.43
0.
©.
8.
0
9.
3.

21 JUL 88.42 ALL SYSTEMS UP AMD 
7 HAY 1975-8333 3/80 5.30 3.68 5.00 .©21 213.69
13 HAY 1975-2345 9.88 -.50 8.78 -.00 .©25 225. Bi
14 MAY 1975-1889 7 88 -2 59 7 38 -2 i^ 034 ^
15 HAY 1975-23S9 9.00 7.58 9.89 7.08 !i29 188. 
15 HAY 1975-2333 9.88 7.88 9. ©9 7.39 .©29 1G0. 
l&m* 1975-^138 9. £8 8.88 9.  8 S-,50 .018 1G0.60 
18 HAY 1975-1469 8. 999.99 .50 999.99 .829 999.99 
24 MAY 1975-1545 2
.68-19.80 1.80-10.30 .821 213.63 
1 JUN 1975-8388 2.58 999.99 3.00 999.99 .029 999.59
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STATION « LIB8Y

X,Y COORDINATES OF UECTGR SUM *= -1

AMPLITUC£ (F UECTOR SUM =2

AZIMUTH OF UECTCR Slfl * 2
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LIB8Y
TOTAL fWLITUDE OF UECTCRS » 6
SET HARGINS? Y£S<Y> OR NO <H>
N!
START TIKE JUN/ 16/73-29^
EhCi Tire Jl^/

TO PRCGS&H, PLOT
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LIBBY
TOTAL AMPLITUDE OF UECTORS * 6.264E+80
SET MARGINS? YES<V> OR NO <N>
Vi
ENTER RIGHT- AND LEFT-HAND MARGIN COORDINATES,
THEN LCHCR AND UPPER MARGIN COORDINATES

START TIME 
END TIME

JUN/ 16/73-2039 
JUN/ 1/75-0900

0=RETURN TO MAIN PROGRAM, 1*NEW PLOT 
0!
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SCXJTH
6 JUN 1973-8289 -28.88 18.89 -28.09 19.68 .294 98.88 
22 JUN 1973-8289 7.06 -4.88 6.69 -3.59 .482 52.43 
19 SEP 1973-1330 18.58 -9.90 17.29 -2.80 .419 79.48 
26 NOU 1973-1589 2.89 -5.69 4.68 -4.00 .132 153.43 
28 DEC 1973-1345 13.79 1.59 12.18 10.50 .538 79.92 
22 JAN 1974-1945 -6.80 16.28 -1.88 22.28 .431 124.99
7 FEB 1974-1838 14.58 999.99 14.79 999.99 .812 9S9.99
10 FEB 1974-1745 13.09 999.99 13.00 999.99 .847 999.99
11 MAR 1974-1339 2.50 9.28 2.50 9.50 .818
12 mR 1974-8558 2.58 10.50 2.88 19.59
12 MAR 1974-1839 -.59 21.50 8. 20.00
18 MAR 1974-1S39 -12.89 .50 -11.50 9.
28 mY 1974-1645 5.89 999.99 5.50 999.99
23 MAY 1974-1645..-4.00 999.99 4.59 399.9
12 JUN 1974-1539 18.00 -27.80 17.S8 -22.58 .271 77.47
38 AUG 1974-2138 999.99 7.8i 999.99 4.59 .147 999.99

9 NDU 1974-1833 3.28 6.58 3.30 6.8B .030 2SS.69 
15 NOU 1974-i8!5 2.80 999.99 -2.68 999.S© .310 069.99 
38 DEC 1974-83SS -12.39 21.50 -10.00 24.^ .238 39.81

4 £PR 197^-1945 -2
.59 3.58 -1.30 11.©9 .447 9.09
22 £PR 1975-2189 -3.80 -4.80 -5.00 -5.70 .068 233.13 
11 nAY 1975-1933 999.99 -6.50 999.99 -7.59 .639 999LS9
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STATION = SAGE SOUTH

X,Y COORDINATES OF l^CTOR SUM - 2.841E+08 6.882E-91

AfPLITUDE OF UECTOR SUM * 2.923E+99

AZIMUTH OF UECTOR SUM « 7.63^-^1 DEGREES
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SAGE SOUTH
TOTAL AI^LITUOE OF UECTCRS = 4.044E+60 
SET MARGINS? YES<Y> OR HO <N> 
N!
START TirC JUH/ 6/73-02^ 

TIME HAY/ 11/75- 1938

PROGRAM, l=h W PLOT8=RETURN TO MAIN 
8!
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31 HAY 1974-6323 21.56 999.99 22.88 999.99 .147
12 JUN 1974-1321 2.89 999.99 1.58 999759 .147' 999.99
12 JUN 1974-1S87 4.80 999.99 4.98 999.59 .©29 999.99
12 JUN 1974-1938 3.10 999.99 6.10 999.99 .294 999.99
14 JUN 1974-0389 14.50 999.99 14.88 999.99 .i8S 959.99
15 JiM 1974-1612 23.88 999.99 25.88 999.99 .235 999.99
4 JUL 1974-2942 .56 5.89 1.58 7.88 .459 39.81
7 JUL 1974-1316 2.3® 13.89 1.29 14.78 .596 327.@9
19 JUL 1974-1936 2.88 15.78 1.50 16.80 .355 335.SS
18 JUL 1974-2829 1.68 15.50 .50 16. 8 .200 315.88
11 JOL 1974-1743 -2.50 16.38 -3.83 15.38 .482 232.43
22 JUL 1974-8430 -11.70 17.30-11.90 10.30 .300 348.69
4 AUG 1974-1448 -9.08 999.99 -18.00 999.99 .294 999.99
3 SEP 1974-2159 -.18 -.18 -1.20 -1.20 .458 225.i9
13 SEP 1974-S559 -1.80 -1.80 -1.30 -2.18 .171 129.96
21 SEP 1974-2148 4.90 2.89 3.89 3.88 .380 348.69
25 SEP 1974-6798 6.88 4.29 5.30 6.50 .787 343.87
28 SEP 1974-1716 9.88 8.88 9.29 8.30 .158 1S8.28
3 OCT 1974-8884 13.80 8.88 12.29 8.58 .479 2^9.^
18 GCT 1974-2243 18.50 2.88

10.50 3.10 .888
19 OCT 1974-2387 14.88 -10.88 15.88 -8.88 .658 26.57
22 OCT 1974-1588 999.99 -19.88 959.S9 -20.13 .147 999.99
2 HOU 1974-1788 -2.80 -1.50 -1.80 -3.88 .445 172.41
3 NGU 1974-1725 -3.58 -6.38 -3.39 -7.38 .388 1S8.69
4 NOU 1974-0142 -4.68 -18.38 -4.50 -18.158 .158 243.29
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MELENDY6 NOU   

7 NOU
3 NOU
14 NOU
IS NOU
22 NOU
23 mu
24 NOU
25 NOU
28 NOU
23 NOU
38 NQU
1 DEC
4 DEC
5 DEC
5 DEC
6 DEC
16 DEC
17 DEC
29 DEC

31 DEC
31 DEC
13 JAN
15 JAN
25 J£N

1974-1822
1974-1858
1974-6415
1974-2257
1974-0122
1974- 816
1974-8243
1974-0122
1974HB249
1974-8129
1974-1737
1974-1719
1974-8848
1974-2252
1974-1758
1974-1859
1974-6887
1974-9213
1974-8188
1974-0614

1974-1956
1974-2138
1975-1543
1975-9343
1975-0989

-5.
-5.
 5 .
3.
8.
3.
 

-i!
 
3!
8.
9.
9.
8.
6.
6.
3.

-17.
-28.
999.

999.
999.
-2.
-7.
-3.

28
50
83
08
90
88
58
23
88
88
38
£-3
£9
68
98
38
88
£3
58
99

99
99
£3
28
89

-17.
-19.
-28.
-1.
-3.
-4.

-11.
-13.
-14.
-16.
-15.
-16.
-18.
-6.
4.
5.
4.

-22.
999.
14.

-16.
-18.
-15.
999.
-18.

88
70
38
80
88
68
es
 0
38
£9
08
88
pa «c*o
89
58
£3
83
38
99
58

89
£9
48
99
38

..-4.
-5.
-4.
2.
7.
2.
 

-ll
  1
3l
9.

18.
8.

18.
6.
6.

-1.
-17.
-29.
999.

999.
959.
-3.
-7.
-3.

98
58
m
58
88
88
58
23
88
S9
S3
89
8$
8i
99
83
58
58
fSQj%HP

99

99
99

£3
29

-19
-19
-22

-
-2
-7

-19
-13
-14
-14
-16
-18
-17
-3
6
6
6

-22
999
14

-17
-19
-15
999
-19

.58

.78

.88

.28

.09

.58

.59
£3le@
.98
88
.98
.58
.88
.39
88!es
.99
.28

.83

.39

.78

.99

.59

.588
.286

.765

.158

.243

.938

.147

.147

.158

.588

.359
639
!329
.942
.465
.418

1.448
.£ 8
.147
.888

.529   - .382

.186

.959

.183

169.99
8.
157.38
291.88
345.96
196.43

0.
189.88
338.33

8.
145.81
153.43
296.57
33. SS
18.43
21. i4
293.%
S25.83
999.99
999.99

999.99
999.99
213.63
OCQ OQ
^f^r^f . ~fff

225. £3
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MELENDY
6 FEB 1975-1611 -8.20 999.99 -8.68 999.99 .118 999.99

21 FEB 1975-6856 -9.50 -8.50 -9.30 -8.30 .083 45.69
26 MAR 1975-1155 -3.80 8.18 -4.80 10.18 .658 333.43
24 MAR 1975-1115 7.70 999.99 8.88 999.99 .088 999.99
26 MAR 1975-2047 12.80 999.99 11.38 999.99 .441 999.99
4 APR 1975-0388 -8.80 13.20 -9.09 13.80 .186 341.57

11 APR 1975-0614 16.50 999.99 17.50 999.99 .294 999.99
14 APR 1975-9893 12.20 999.99 11.29 999.99 .294 999.99
16 APR 1975-1453 15.20 999.99 19.38 999.99 1.296 999.99
17 APR 1975-1121 -6.88 1.20 -5.70 3.28 .595 8.53
17 APR 1975-2026 -4.20 5.60 -3.88 18.68 1.651 4.89
19 APR 1975-8112 -6.00 16.50 -4.89 16.88 .686 184.84
23 APR 1975-1311 -6.40 999.99 -5.99 999.99 .147 999.99
24 APR 1975-0522 -6.09 999.99 -6.48 999.99 .118 999.99
24 APR 1975-1339 -6.30 999.99 -6.00 999.99 .888 999.99
27 APR 1975-8838 -2.80 999.99 -2.89 999.99 .235 999.99
29 APR 1975-2249 -3.20 3.40 -4.88 6.38 .885 344.58
7 MAY 1975-0229 -17.00 23.30 -19.88 999.99 6.878 999.99
14 MAY 1975-1486 -9.70 4.30 -13.20 7.68 1.415 313.32
15 MAY 1975-0185 -19.80 5.20 
-17.30 5.19 .736 92.29
16 MAY 1975-9686 999.99 9.89 999.99 9.50 .147 999.99
16 HAY 1975-2255 999.99 9.00 999.99 8.20 .235 9^9.99
17 MAY 1975-2159 999.99 11.19999.99 10.56 .176 999.99
21 HAY 1975-2125 999.99 18.39 999.99 18.48 .829 999.99
21 MAY 1975-2253 999.99 18.29 999.99 18.30 .829 999.99
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MELENOY
22 MAY 1975-1248 999.99 23.00 999.99 24.89 .529 999.99
22 MAY 1975-1442 999.99 24.58 999.99 25.08 .147 999.99
23 MAY 1975-6516 999.99 23.80 999.99 25.08 .353 999.99
23 MAY 1975-1528 -3.80 6.08 -3.78 5.29 .237 172.87
31 MAY 1975-8621 999.99 3.58 999 99 4.88 .382 999.99
31 MAY 1975-2225 999.99 0. 999.99 -.88 .235 999.99
13 JUN 1975-8525 -5.80 1.28 -6.28 2.58 .408 342.98
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STATION

X,Y COORDINATES OF VECTOR SUM « -2.147E*^ 6.647E-»^0

OF UECTOR SUM * 3.421E+02
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TOTAL
SET H&RGINS?
N!
START TI^E HAY/31/74-8323
EhD

TO

OF UECTdRS » 2.2S3S+01
VES<Y> c^ NO <N>

PLOT
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MELEHOY
TOTAL *WLITUDE OF UECTORS » 2.263E«£1
SET MARGINS? YES<Y) OR NO <N>
Y!
ENTER RIGHT- AND l£FT-HAND I^?GIN CX^^D
TFCN LO^R ^ 3 U^ER f^RGIN CCCMHNATES
18 -19 -18 10!
START TIfC P^lY/31/74-0323
EH3 TirE JUN/13/73-i525

TO 1 PLOT
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TOTAL fWLITUCE OF UECTCRS » 2.263E+S1
SET MARGINS? YES<Y) ($* NO <N>
Y!
ENTER RIGHT- AMD LEFT-HAND P&&GIN
THEN
5-5-55
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9=RETURN TO MAIN PRO
fit

1=N£W PLOT
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BEARWLLEY
11 APR 1974-8115 -18.50 6.58 -18.40 6.48 .886 135.89
11 APR 1974-1788 -10.80 8.00 -18.88 7.58 .823 188.88
13 APR 1974-0180 -16.50 5.00 -16.38 4.88 .817 135.89
19 APR 1974-1930 999.99 6.38 999.99 6.19 .812 999.99
24 MAY 1974-2888 -22.88 -21.38 -23.88 -21.38 .859 279.88

7 SEP 1974-8930 -1.88 -4.50 -2.69 -5.88 .866 243.43
19 DEC 1974-2315 9.00 -7.30 9.88 -5.C8 .143 19.18

S JAN 1975-1145 -11.08 -24.08 -12.©9 -23.60 .883 315.89
28 FEB 1975-1938 8.©9 -.28 9.6® 1.50 .116 30.47
18 MAY 1975-8138 1.68 13.88 1.58 12.53 .842 135.88
24 MAY 1975-8630 2.58 3.58 3.58 5.38 .121 29.85
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STATION = BEARUALLEY

X,Y CQOf3DIN6TES OF UECTOR SUM * 3.52SE-82 2.94i£-ei

SUM » 2

AZIMUTH OF UECTOR SUH * 6.84^+88

3-A.29



BEARUfcLLEY
TOTAL AHPLITUDE OF UECTORS » 6.841E-81 
SET MARGINS? Y£S<Y> OR NO <N> 
N!
START TIKE APR/11/74-0113 

f^Y/24/75-8638

1-NEH PLOT0=RETURN TO 
0!
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PROGRAM LISTING

3-A.31



21 JUL 76 1Q.<48.06 MCHUGH .VECTOR

1 DELETEUGQ,LGOB, VECTOR)
2 VECTOR.
3 CXIT.
k LIBCOPY (GRAPHIC,TXLGO/RR,TXLGO)
5 LIBCOPY(JORAT,NPLGO/RR,NPLGO)
6 LIBCOPY (MCHUGH,TLTEVN/RR ,TLT£VN)
7 RUN76(S)
8 LINK(F=LGO,F=TXLGO f F=NPLGO,8=VECTOR)
9 VECTOR(TLTEVN)

10 VECTOR.
11 FIN.
12 EOR
13 PROGRAM VECTOR(TAPE5,TA PETTY = 20i,FILM=TAPETTY,TAP£7=TAPETTY)
1<+ COMMON/TVPOOL/TVPUL<8>
15 COMMCN/TVTUNE/ITUNE<30>
16 CCMMON/JPLCT/XLT,XRT,YLO,YUP,MAJX,HAJY,KX<£) ,KY<2) »LTITL(8 ) ,LU»
17 1 LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2<8)
18 DIMENSION IFET(8>
19 DIMENSIOh STA(IQ) ,NYEAR (1000» »NDAY(1000)
20 DIMENSION NMONTH(1GOO> ,TIME(iOQQ)»XIN<1000)»XFN(1000)»YIN ( 1000 >
21 DIMENSION YFN(1000>>A(3Q>tAMPCIQQfl),AZM(1000>
22 CALL FET(5LTAPE7,IFET,8)
23 IFET(2) = IFET(2>.OR.0000 0010 0000 0000 OOOQB
2k IF£T(8)=IFFT(8).OR.^000 COQO 0000 0000 OQQQB
25 CALL FET(5LTAPE7tIFET,-8)
26 TVPUL(5)=-.32 STVPUL(6)=1. $TVPUL(7)=Q. $TVPUL(8)=1.
27 00 10 I=i»1000
28 NMONTH(I)=NDAY(I)=TIME(I)=XINtI)=XFN(I)=YIN(I)=0«
29 YFN(I)=NYEAR(I)=0.
30 10 CONTINUE
31 PI=3.1^15926 $REAO(5,1)N
32 1 FORMAT(I2>
33 DO 2 U-1»N
3^ REAO(5,3)STA{IJ) $K=1 $SUMl=SUM2=0*
35 3 FORMAT(AlQ)
36 k READ (5,5)Nf^CNTH{K) ,NOAY (K) ,M YEAR (K),TIME(K ), XIN (K) f YIN (K ),XFN(K) ,
37 1 YFN(K) ,FACTOR
38 5 FORMAT(I2»1X,I2»1X,I2»1X,AU,1X,^(F7.2»1X),F1Q.3)
39 IF(XIN(K).ECU 999.99.AND.YIN(K).EQ.999.99.AND.XFN{K).EQ.999.99.ANO»
*tO 1 YFN(K) ,EQ.999.99)GOTO 
«fl A = XIN(K) $B=YIN(K) SC = XFN(K) $D = YFN(K) $LMCNTH = NMCNTH ( K)
^2 IF(NMONTHCK).EQ. 1)NMONTH(K)=3HJAN
^+3 IF (NMONTH <K) .EQ. 2 )NMONTH ( K) = 3HFEB
<+<+ IF (NMONTH (K) .EQ. 3>NMONTH(K) r3HMAfi
<+5 IF(NMONTH(K) .FQ. ^ ) NMONTH (K) = 3HAPR
if6 IF (NMONTH (K) .EQ. 5 )N MONTH (K) = 3HM AY
«f7 IF(NMONTH(K) .EQ. 6 > NMONTH { K) = 3HJUN
^8 IF(NMONTH<K).EQ. 7)NMONTH(K)=3HJUL
^9 IF(NMONTH(K) .EQ. 8 ) NMONTH(K)=3HAUG
50 IF(NMONTH(K).EQ. 9)NMONTH(K)=3HSEP
51 IF(NMONTH(K).EQ.IO)NMQNTH(K)=3HOCT
52 IF(NMONTH(K).EQ.11)NMONTH(K)=3HNOV
53 IF(NMONTH(K).EQ,12)NMONTH(K)=3HO£C
5k IF(STAdJ) .EQ.10HSAGE SOUTH . AND. hYE AR (K) .LE. 7% JGOTC20
55 GOT012
56 20 IF(NYEAR (K).LT.7i+)GOTOll
57 IF(LMONTH.LT.l2)GOTOll
58 IF(LMCNTH.EQ.l2.AND,NDAY(K).L£.l9)GOTOll
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59 GOT012
60 11 A=YIN(K) SB=-XIN(K) !C=YFN(K) |D=-XFN(K)
61 12 IF{A,EQ, 999.99) A=Q. *IF ( 6. E3. 999. 99) 8=0*
1 2 IF<C,EQ.999.99)C=G« 3 IF (0 . E 3 . 999 . 99 ) 0=0  
£3 AMP(K)=<SQRT(((C-A)**2)+<{D-3)**2)n/FACTOR
64 IF(XIN(K).EQ.999.99.0R.YIN(K).EQ.999. 99.0R.XFN!(K ).1Q.999.99.0R.YFN
65 K K) .EQ.999.99)GOT07
66 SUM! -SUM it { (C- A > /FACTOR ) $5 UM2 = SUM2 >( (D-B ) /FACTOR )
67 DELTAY=D-B S IF (DEL TA Y . EQ.Q .) DELTAY=l . E-20
68 AZM<K)=( ATAN {(C-A )/D£.LTAY) )*(18Q »/PI )
69 IF(DELTAY.LT.Q.) A ZN( K ) = AZM (K) +l8Q»
70 IF(AZM(K).GT.36C» ) AZM ( K ) = A ZM < K ) -360  
71 IF(AZM(K) .LT.O.) AZM(K) = AZM «) +360.
72 K = Kfl $GOT04
73 7 AZM(K)=S99,99
7k K=K+i SCOTCH
75 6 NENO=K-1
76 CALL TVNEXT
77 DO 8 J=liNENO,25
78 M = Jf2** SIF(M.GT.NEND) M = NEND
79 WRITE(7,3)STA(IJ)
80 WRITE(7,9)(NDAY(I) ,N MONTH (I) , N YEAR (I ) ,TIME (I) , XIN ( ]) , Y IN (I ) ,XFN ( I)
81 1 ,YFN(I) ,AMP(I) ,AZM(I) ,I=J,M)
82 9 FORMAT(l2»lX,A3»3H 19 » I2» 1H- t A k , IX ,k (F6. 2, IX ) ,F7 . 3 » IX , F7. 2 >
83 CALL REPRO SCALL TVNEXT
8<+ 8 CONTINUE
85 TAMP-SQRT ( ( SUMi**2 > * <SUM2**2 ) )
86 IF(SUM2.EQ.Q.)SUM2=1.E-20
87 TAZM^{ATAN(SUHl/SUM2)) *(13Q./PI)
'38 IF(SUM2.LToQ.)TAZM=TAZKtl80. $IF (T AZ M.LT . fl . ) TAZM =T AZM-t-36t3  
89 IF(TAZM.GTo36Q.)TAZM=TAZM-360 .
90 HRIT£{7,13)STA(IJ) ,SU«l ,SUM2 , TAMF , TAZH
91 13 FORMAT ( / , / ,*STATION = *,AlO»/t/t
92 l/»/t/» *X,Y COORDINATES DF VECTOR SUM = * , ElQ. 3» 5X ,ElQ. 3»/ »/ t
93 1 /»/ » ^AMPLITUDE OF VECTOR SUM = *»ElC«3»* MICRORADIANS
9i+ 1 *,/,/,
95 !/»/»/» *AZIHUTH OF VECTOR SUM = *»ElQ.3t* CEGREES*)
96 CALL REPRO
97 CALL VCTCRS(STA,IJ ,SUMi ,SUM2 »NMONTH , NDAY , N YEAR ,T IME, AMP , AZM , NENO )
98 CALL REPRO
99 2 CONTINUE

100 STOP
101 END
102 SUBROUTINE REPRO
103 A = 000000010000QOOOOOOOB SCALL ENOREC(7) $CALL FET(7,A,
10^ 3 = 003300270000000000003 $WRITE{7)8 SCALL FET( 7 , A, -
105 CALL ENCRECm SWRITE(7,l) SRETURN
106 1 FORMATdOO (/) )
107 ENC
108 SUBROUTINE VCTORS (STA ,IJ»SUS 1 , SUM2 »N MONTH , NO AY , NYE AR,T IM E f AMP
109 1 ,AZM,NEND)
110 DIMENSION NO AY (50 ) ,NMQNTH(50> »NYEAR{50)»TI^E(50)tAMP(50)»AZM<50)
111 DIMENSION A(30) 5 STA( 1Q)
|l2 CCMMO^/TVPCOL/TVPUL(8)
113 kQ CONTINUE

115 00 30 J=ltNEND
116 IF(AMP<J),EQ.999.99.0R.AZM (J ) .EQ .999. 99) GO TO 30
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117 SUM=AHP(J)+SUM
118 30 CONTINUE
119 CALL TVNEXT $WRITE (7 , 99 )STAU J >
§20 99 FORMAT(A 10)
121 WRITE<7,3i)SUM
122 31 FORMAT(*TOTAL AMPLITUDE OF VECTORS = *,ElQ.3)
123 TVPUL<i)=-SUM $T VPUL (2>=SUM $T VPUL <3) :=-SUM STVPUL ( 4) =SUM
124 WRITE(7,34) SREAD (7, 35) CHECK $IF<CHECK,EQ.lHY)GOT036
125 34 FCRMAT(*SET MARGINS? YES(Y) OR NO (N)*)
126 35 FOFMATtAi)
127 GOT037
128 36 WRITE(7,33) SCALL GETNUM(A) $TVPUL(2>=A(1) STVPUL(1)*A<2>
129 33 FORMAT(*ENTER RIGHT- AND LEFT-HAND MARGIN COORDINATES,*!/,
130 1 *TH£N LOWER AND UPPER MARGIN CCORDIhATES*)
131 TVPUL(3>=A(3) $TVPUL(4)=A(4)
132 37 P1=3*141592& SWRITE (7,1 )N MONTH (l) ,NDAY(D , NYEAR(i) ,TIHE<±) ,NMONTH
133 iN£NO),NOAY<NENO),NYEAR(NEND),TIME(NENO)
134 1 FORMAT(*START TIME *, A3 ,*/* , 12 t*/* »I2» *-**AW ,
135 1 *ENC TIME *,A3,V»,12»*/* ,l2t*-*tA4,/)
136 B£GINl=BEGIN2=0*
137 DO 2 I=lfNEND
138 IF(AMP<I).£Q.999.99.0R..AZM (I) .EQ. 999. 99) GO 102
139 X=BEGIN1 $Y=BEGIN2
l*fO DY=AMP<I)*COS(AZM(I)*(PI/18Q ,) )
1<*1 DX=AMP(I)*SIN(AZM(I)*(PI/l80 . ) )
1^*2 CALL ARROW (X,Y,DX,DY)
Iif3 8EGIN1=X«-DX SBEGIN2= Y4-0 Y
1^ 2 CONTINUE
|^5 CALL TVSENC
"^ 6 WRITE(7,39) 3CALL GETNUM(A) SIF (A { D .£Q,1. )GOTOlfQ
1^7 39 FORMAT(*Q=RETURN TO MAIN PROGRAM, 1=NEH PLCT*)
148 RETURN SENC
1^9 $   ARROH                          -                           

150 SPARAMS   ABSOLUTE X,Y AND DELTA X,Y
151 SUBROUTINE ARROW{X ,Y,DX,DY)
152 REAL A(6),B(6)
153 A(1)=A(3)=A{5)=X S Btl)=Bf3>=8(5>=Y
154 A<2>=A<4)=A<&)=X+DX $ B(2>=B<4)=8C6)=Y+DY
155 ARM.EN=SQRT(DX*DX + DY*OY) $ H OLEN=ARH LEN/5
156 IF(ARWL£N.EQ.O)GOTO 20 $ ARHANG=ACOS<OX/ARXLEN>
157 IF<DY,LT .0 ) ARWANG=6. 2332-ARWANG $
158 DO 10 1=1,2 3 ANG = ARHANG-M 1-1.5) $
159 A<J)=X+DX^HDLEN*COS(ANS)
160 10 B<J)=Y+DY+HDLEN*SIN(ANG>
161 20 CALL TVPLOT(A,B,6,7HS£GMENT) S RETURN
162 END
163 SUBROUTINE GETNUM(R)
164 DIMENSION R<l),L<80)
165 REAO(7,9)L 5 I=J=Q
166 6 J=J*i $ N=P=S=0 S M=F=1
167 5 1=1*1 $ IF(I.GT.8Q)RETURN $ 0=L(I) $ X=4
168 IF(D.EQ.38)K=2 S IF(0.GE.27.A.0.LE.36)K=l
169 IF(D.EQ.47)K = 3 S K=K*S S GOT 0 ( 1, 2» 3 , 5 ,1, 4, 3, <»> K
|7Q l N=N*lQ*0-27 S S=4 $ GOTO 5
171 2 M=-i $ S=4 $ GOTO 5
172 3 P=I $ S=4 I GOTO 5
173 4 IF{P.N£,0)F=iQ.** (I-P-1) $ RU)=N/F*M t GOTO 6
174 9 FORMAT(SORl)
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Introduction

ONSTSP displays 1) the amplitude and azimuth of short period 

tilt events computed from digitized, two-component data and 2) the 

"sharpness" (i.e., the normalized derivative) of the amplitude versus 

time graph. The input consists of digitized x, y versus time data. 

The sample interval of the x trace need not be the same as the y trace, 

nor is it necessary that their start and end times be the same. 

The program automatically converts the x and y traces to a common time 

base and sample interval, and then computes the amplitude and azimuth 

change from the x, y data. The "sharpness" quantity is computed from 

the amplitude data as follows:

csj = ( )/ r~f ~i' 7 (t f t i )

where [S] is the sharpness, 0 is the tilt amplitude, t is the time, 

and the subscripts JL and f_ represent the initial and final quantities 

respectively.

Access and Use

ONSTSP is intended for use on the LBL 6600B or C computer and 

the Tektronix (4010-1) terminal. It requires 55K of core and is 

accessed using:

^LOAD, ONSTSP, MCHUGH

The program links automatically to the plotting routines, so that the 

  LOAD command may be followed by .RUN. The data are assumed (line 6 in

the program) to be stored on EVENTS in library MCHUGH.
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Input

The data, stored on EVENTS, must be arranged with the y trace 

(north-south component) leading the x trace. Each data block must have 

its own header card. The arrangement is as follows:

Event #1

Header card- for north-south data 

Data block (xl, yl) 

Header card for east-west data 

Data block (x2, y2)

Event N

Header card for north-south data 

Data block (xl, yl) 

Header card for east-west data 

Data block (x2, y2)

There is no limit to the number of events (N) that may be operated on 

with this program. The number of points in each data block is limited 

to 1000.

The header card's information is in the form:

LTITL (1), LTITL (2),..., LTITL (7), RA, B, C 

(e.g., LIBN04-01-74 .163 .821 .172)

A3, Al, A2, Al, A2, Al, A2, 8x, 3F10.3

LTITL (1) is the 3-letter code of the station and LTITL (2) must be either 

N (for the north-south component) or E (for the east-west data). The
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remainder of the title is the date of the event (LTITL(3) must be 

the month, LTITL(5) the day, and LTITL(7) the year). RA is the 

scale factor to change the digitized time scale to hours, B sets 

the absolute time, and C scales the amplitude. That is, if u is 

the digitized time base (in thousandths of an inch) and v the 

digitized amplitude (in thousandths of an inch), and if T is the 

absolute time (in hours GMT) and S is the amplitude (in microradians), 

the relation between these quantities is assumed to be (lines 63 

through 66 in the listing):

S = (C * v ) + D
n n

T = (RA * u ) + B
n n

where D is the first value of v (D = C * v_) and n. is the number of 

the data point in the data block. If B is not included in the header 

card (33 = 0), the first point in the time series is zero (i.e., T = 0).

The data following the header card must be in the format 12F6.3, i.e.,

Ul V1 U2 V2   ' U6 V6

If u or v equals 999.999, the data block is ended. To change formats, 

line 37 (for the header card) or line 50 (for the data block) may be 

altered. All Sage South data prior to 19 December 1974 (with+x = south, 

+y = east) will be automatically converted to +x = east,+y. = north.
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Program Operation

Both tilt components of each event (x versus time, y versus time, and 

the two header cards) are displayed in the form (S, T) prior to the 

computations that reduce the components to a common time base.

The program uses a linear interpolation scheme to convert the

x x
digitized data to a common sample interval. If (S , T ) is the x (east- 

west) trace versus time and (Sy , Ty ) is the y (north-south) trace versus

time, it may happen that TX ^ T^ and TX , ^ Ty ,. That is, the time of
1 1 end end

the first x data point may not be equal to the time of the first y data 

point, and similarly for the final x and y data points. In addition, 

it may happen that ATX 7* ATy or that (T, ... - T ) ± (T - T ); i.e., 

that the sample intervals of the x and y traces are not the same or 

that the sample interval within a particular trace is not constant 

(equivalent to missing data points). The program will determine a 

beginning and end time common to both traces and use a linear interpolation 

scheme (lines 135-138) to ensure a common sample interval (Figure 3-B1). 

This corrected x, y data (SX , TX), (§y , Ty ) is also displayed by the 

program.

After computing (S, T), the amplitude and azimuth (from north) of 

the tilt vector is determined. This data is also displayed. The final 

step in the program is the computation of the sharpness quantity, [S]. 

The sharpness is the time rate of change of the tilt amplitude normalized 

by the duration of the event and the total change in event amplitude. 

Unless otherwise specified, the initial and final times and amplitudes 

of the digitized data are used by the program. [S] is also displayed.
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Output

After reading in the event data (two data blocks, north-south and 

east-west), the computer writes the contents of the header card and 

"0 = Re-start." If a zero is entered, the next two data blocks are 

read, and the new header card information and re-start statement is 

written. If any non-zero number is entered, the data is converted 

to the (S, T) form, and the minimum and maximum amplitudes are 

determined. The information is then written as follows:

min/max values of NS component = (numerical values)

min/max values of EW component = (numerical values)

min/max values of time (NS) = (numerical values)

min/max values of time (EW) = (numerical values)

The min/max time values should be the same for both the north-south (NS) 

and east-west (EW) components. This provides a check on the accuracy 

of the computer's selection of an initial and final time for the two 

components. The input data in (S, T) form is then displayed (north-south 

component versus time first).

The computer next converts the (S, T) data to (S, T) form and writes

min/max values of NS data = (numerical values)

min/max values of EW data = (numerical values)

min/max values of time = (numerical values)

These values should be essentially the same as written previously. The 

computer then displays the (S, T) data, north-south (NS) component first.



The component data is next converted to amplitude and azimuth 

(from north) versus time. The computer writes:

min/max values of amplitude = (numerical values)

min/max values of azimuth = (numerical values)

min/max values of time = (numerical values)

The amplitude data is displayed first, followed by the azimuth data.

Because the sharpness quantity is scaled by the event duration it is 

necessary to set the initial and final event times. The computer writes:

Set initial and final times for sharpness plot? 

Yes (Y) or No (N)

If an N is entered, the initial and final event times are set equal to 

the start and end times of the digitized data. If a Y is entered, the 

computer writes:

Enter initial and final times

The initial and final times of the event must be entered. These times 

must be in the same units (e.g. , hours and fractions of an hour) as the 

times written by the computer. If the initial and final values of 

the event are equal, the quantity (0,. - 0.) / (t- - t.) is zero, and 

the computer will use an "average sharpness" quantity computed using

(t f -
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If this is also zero, indicating that 0f = 0. = 0, the computer will write

Average sharpness is zero

Enter value for use in sharpness plot

A value for the "average sharpness" should be entered. The sharpness, 

[S], is then determined, and the computer writes:

min/max values of sharpness = (numerical values) 

min/max values of time = (numerical values)

The sharpness quantity versus time is displayed next. After displaying 

the sharpness, the computer will write:

Re-compute sharpness? Yes (Y) or no (N).

If an N is entered, a new data set will be read, and the procedure is 

repeated. If a Y is entered, the sharpness will be re-computed.

Results and Discussion

Examples of the program operation are given on pages 3-B.10 through 

3-B.37 . The fluctuations in azimuth prior to the beginning of the event 

are caused by numerical errors. The values of tilt component amplitude 

are zero or near zero before the event, causing division by zerojor numbers 

near zero ,to occur when the azimuth is computed. The fluctuations are
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due to noise in the original digitized data. Discontinuities in the 

azimuth represent a rotation through 180° or 360°. Notice, too, that 

for the step-like event, the sharpness is a maximum near the event 

onset.

The onset sharpness (assumed to be the maximum value of [S]) of 

the 27 October 1974 LIB SRN event is 115 (page 3-B.21). However, this 

value was computed using an event duration equal to the difference 

between the initial and final times of the digitized record. A more 

realistic estimate of the event duration is the time during which the 

derivative of the amplitude is non-zero (approximately 0.2 hours). 

Re-computing [S] using this duration (page 3-B.22), the onset sharpness 

is reduced to 9.2.

The onset sharpness was assumed to be the maximum sharpness because 

of the small decrease in tilt amplitude at approximately 22.1 hours 

(page 3-B.18),just prior to the large increase in amplitude after 

22.2 hours. This small decrease in amplitude is most likely produced 

by small timing errors on the original record that cause the event on 

the two components to start at slightly different times.

In principle, the greater the time rate of change of the amplitude 

at the event onset, the closer the source of the event is to the station 

A method for estimating the source-station distance from the onset 

sharpness is discussed in the next section.
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EXAMPLE OF ONSTSP OPERATION
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-EDIT

.147

-LOAD , OHSTSP , MCHUGH ! 
LOAD COMPLETE, ENTERING 
OK- -EDIT
-RUN !
LIB 19-27-74
0=RE-START
1!
M IN/MAX UALUES OF NS COMPONENT = -4.375E+92
M IN- -'MAX UALUES OF EW COMPONENT » -3.6 3E-»-82
MIN/MAX UALUES OF TlfC (NS)
M IN- MAX l»ALl^S OF TIME <EW>

21.608

2.022E-H01 
2.022£-»-01

113

5 164E+81 
9.955E+61 
2.345E+91 
2.345E-J-91

SET HORIZONTAL SCALE? Y 08 N<«BLAMO
Y!
M INSWAP X i.^ALiJES
20 °5 !
S£T"UERTICAL SCALE? Y OR N<=BLANK)
Y:
MIN/MAX Y I^JLI^S
-1803 1688!
SKIP PLOT OF NS COMPONENT ?
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MIN/ftftX X C^J^S 
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MIN/ffAX U$Ll£3 OF AZIMUTH « 1.844£-ii 3 447E+&2
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1
1 » NB4 PLOT, 2 « RETURN 
2!

2'
SET INITim. £M3 FIN&L TIJ^S PCS PLOT?
YES <Y) C

U&LUES CF * -2.
Of TIKE * 2.823E+B1 2.34SE+©! 
SCALE? Y m N<»etANO 

Y'

28 25!
CCRTIC^. SG21£? Y C^

Y»
MIH^^X Y
-158 158!
STIP PLOT CF SHPSRPNESS
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SET INITIAL
YES <Y>
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ENTB*
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Y£3<Y>

FIHfU. TI?!£S 
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NO <H>

PLOT?

29 25!
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Y
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I
S^S 08-26-74 152 3.000 -.109 
9=RE-3TART1'
MIN-MHX UALUES OF NS COMPONENT = -1.846E+92 ? 276E-12 
MIH.--MHX UALUES OF EW COMPONENT = -2.086E+02 0
N IN--MAX UALUES OF TIME <N3> = 7.450E+00 1 016E-f81
MIN-MHX '..IHLLES OF TIME <:EW> = 7.456E-5-0e i
SET HORIZONTAL SCALE'? Y OR N< =BLANK)
Y!
MIN-TInX X UALUES
6 11!
SET UERTICAL SCALE 7 Y OR W=BLANK)
Y!
MIH--MAX Y UALUES
 5UU 5k10!
SKIP PLOT OF NS COMPONENT ?
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MIN--MAX UALUES OF HS DATA « -7.276E-12 1.84 £+©2
MINxmX UALUES CF E^l C^TA » -2.88^-» 2 -2.914 -®1
MIN/««< Uf^l^S CF TIHE   7.4^-^0
SET HCRIZtMTAL SC^-E? Y OR H<-aj^K)
Y«
MIN/t^X X C^HES
6 11!
SET UERTICAL ^^£? Y C^ N<*BLANK>
Y!

Y

SKIP PLOT C^ HS
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I
lilN/tWK USLUES OF AffPLITUOE « 2.914E-01 2 36S£+ 2 

W1XES CF AZIHUTH « 1

SET HO?I20HTAL
Y»
HIN-mX X UALUES
6 11!
SET U^TIDU. SCALE? Y

Y UftLLCS 
9 5^! 
SKIP PLOT CF
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1

SET INITIAL AND FINAL TIMES FC£ 8H6I*PN£SS PLOT? 
YES <Y> G£ NO <N)

ENTER INITIAL AMD FINAL TlfCS
8 5 9!
MIN'MAX UALLES CF SBfcBPf^SS » -4.754E+61 1.433E*»02
MIN-ttAX UALLCS CF TIIC * 7
SET HCRIZOfTSL SC^_E? Y CR N<*8LAhX>

HIN/MAX X
6 11!
SET UERTICAL SCALE? Y
Y»

Y UALUES

SKIP PLOT OF SHfcfcFMESS QL^fTITY ?
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I
MIN-fW< UfcUUES CF 
MIN^MAX UfiULES OF TI?^ 
SET HC^IZCKTa. SO3L£? Y 
Y!

X

8 9!
SET C^TIC^L SCSLE? Y
Y!

Y

SKIP PLOT CF
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PROGRAM LISTING



3p

L2 AUG 76 12.ld.it2 MChUGH .ONSTSP

1 DELETE <LGO,LG06, ONSTSP)
I ONSTSP.
3 CX1T.
^ Ll6CGPY(GRAPhIC,TXLGO/RR,TXLGO)
p LlECOPYi JORAT,NPLGO/k*,NPLGO)
6 L I BCOP Y ( MCHUGH, £V£ NT S/KRt£ VENTS)
7 DELETE <LGO,LG 05, ONSTSP)
8 RUN7b<S)
9 LlNK(F=LGO,F=TXLGO,F=NPLbO,8=ONSTSP)

10 ONSTSPt- VENTS)
11 ONSTSP.
12 FIN.
13 EGR
m PROGRAM ONS TSP (T APi5, T A PLT TY=ZU1,FILM=TA PETTY, TAPE 7=TAPETTY)
IP CCMMON/TVPOOL/TVPUL{8)
16 C3MMON/TVTUNE/ITUN £(30 )
17 C3MMON/JPLCT/XLT ,XRT ,Yi_0,YUP,MAJX,MAJY,KX<2) ,<Y (2) ,LTITL(8),LU,
16 1 LTF,LNLGX,LNLoY,NCLX,NCLY ,LTITL2(8)
19 DIMENSION IFET (.8)
2C DIMENSION T ( 10 Uu ) , AMP (lOLli ) , AZM { 100 0 ) , A ( 3u )
21 DIMENSION DEwTXl { 10 0 0 ) , DLL TX2 ( 1006 )
22 DIMENSION A 1< lOOj ) ,X2 ( 1000 ) , Y 1 ( 1 UGG) , Y2 ( 1QGO )
23 CALL FcT(t;LTAPE7,IF£T,d)
2*t !FET(£i)=IFt.T(2) .OK.CiuOO uOlD QUOU OUOO OGQOB
2» IF£T (fc) =IFET (d ) .OR.itUUU QuGQ OGuJ uuUO GOQOB
26 CALL FLT(£»LTMPc7, IFET,-6)
d7 1GU CONTINUE
2o PI=3. 1^15^26 SNTCTAL-5UU $MTOTAL=NTOT AL-1
29 D3 3G 1=1,1000
30 A^P(I)=AZM(I)=T(I)-X1(I)=X2(I)=Y1(I)=Y2<I)-0.
31 3C CONTINUE
32 DJ 31U 1=1,3
33 310 LTITL21I) =luH
3^+ LD = 7 £LNLoX = L.NLGY = l £NCLx=NCLY = 2 &HAJX = 5 $MAJY = 10
35 UJ 2ut MK=1,2
36 KLAOCS? , His) (LTITL(I) ,1 = 1,7) ,RA,B,G
37 HP FuRMAT ( A3 ,A1 ,A2,A1,A2 ,A1,A2,8X,3F1U. 3)
38 Ll ITL (6 ) = 1QH
39 iF(LTITL(i) , EU. 3 H£OR. Ok. LT ITL ( 1 ) .EU. 3HEOF) GOTO 110
HO IF (LTITu (1) .LGU3HSAS) GOTOlOOu
 *! G3T091
«r2 lUOu IF(LTITLl7) ,GT .7-+. JGOT091
^3 IF(LTITL(7).L.Q.7'4..ANO.LTITL(3).LU.12..ANO.LTITL{5).GT.19. ) SOT 091
^ IF (LT ITL (2) ,EQ.1HN)KARD=1H£ SlF(LTiTL(2> . EQ.1HE) KARO=1HN

91 CONTINUE
00 170 1=2,1000,6

31
READ (5 ,31) 1X2CK) , Y 2 < K) ,K=I ,J)
FjRMAT(6(2F6.3))
DO 180 M=I,J

160
I7u
19u

IF <X2 (M)
IF(X2 (M)
CONTINUE
CONTINUE
N^ND=KK-1

.EQ.
.EQ.

999.999 .OR. Y2(M)
999.999 .OR. Y2(n)

-»!
52 IF(X2(M) .EQ. 999.999 .OR. Y2(M) .c'^« 999,999)KK =

999.999)GO TO 190

IF (.MR.EQ.l) NN1=N£NC $IF (MR.E 
IF (LTITL(l) .EQ.3HSAS) GOT0102



02 AUG 7o I2.10.w2 MChU&H .ONSTSP PAGE 2

^9 GOTOill
cb 102 IF UTITL(7) . GT . 7** ) GOTOlOl
bi IF(LTI)'L( 7 ) .EQ.7-+. ANG.LTITL(3 ) .EQ.12 .ANO.L7ITL (3) .GT.19) GOT 01 01
62 IFUTITL(2) .EQ.1HN)C=-C
o3 Ibl 1^ <t3. EU.U , ) 3=-RA*X2 (2 )
bw Lf= Y2 (2) *C*10oO .
b5> JO 2u I- 2 »NEND
ob X2 (I) = {RA*A2(I ) ) +B SY2 (I )= (lGOu.*Y2(I )*C)-D
&7 l r (MR.EQ.l) XI (I) =X2(I) BIF (MR.EQ.i) f i (I ) =Y2(I)
bb 2u CONTINUE
69 20U CONTINUE
7u LTITLC2 )=iuH
71 WRiT£(7,t:>)<LTITL(I),i = l,7),.RA,B,C
72 WRITE (7 ,-n?G) SCAui. GETNUM(n) SIF ( A ( 1 ) .tQ . 3 . ) GOT OiO 0

/H IF (LTITL(l) .iia.3HSAS)GUTQ2 J3 iGUTOiuO
7> 233 IF (LT ITL( 7) . G T . 7+ > GOT 03 0 u
76 IF(LTITL(7).L(4.7^.ANL.LliTu{3).EU.l2.A 1MD,LlITL{5).GT
77 LJj 233 1 = 1, 1UOU
76 AMP(I)=Xi(I> JAZM(I)=Y1(I) £xill)_x2(l) SYi(I)=Y2(I)
79 X2(I)-AMP(I) S f^ (I )=AZM(I)
riO 23i> CONTINUL

	$NN2-ABC

63 IF (XI (d ) . LT .X2 (2 ) )GOT03
<iw IF (X^r (2 ) . L-.xl (2 ) ) TINITL = X2(2 ) * ( (Xc (f<N2)-x2 (c'J )/NTOTAL)
tii Yi(l)=Ylt2) ?Ai(l)=X2(2) iNi-;NNl iN2=4N2-l
66 DD 2 i=l,N2
ti7 Y2(I)=Y2(I+l)5xJ(I)=A <i(;'H)
66 <. CJMINU^
69 GC TO^t
90 3 TiNlTL-Xl (d ) i- ( (x^ (NM) -XI (2) ) /NTuTMu) S^2(l)rY2(2) 5X2(1)=X1(2)
91 Nc=NN^ SN1-NN1-1
92 D35I=1,N1.
93 Yl (I)=Y1 (1+1) 5X1 (I) = X1 (1-t-l)
9w b CONTINUE
^^ H IF (XI (Nl) .LT.X2(N2 ) ) GJTOc
r>6 i- (X2 (N2) .Lc.Xl (Ni) )TFINAL=X1 ( Nl ) - ( ( X 1 ( N 1 ) -X i { 1 ) ) AN TOT AD
97 Y^ <iM2 + l) =Y2(N2) i X 2 ( N2 *1 ) = X 1 ( Ni ) £M2-N2 + 1 irtl = M S&OT07
96 t TFINAL = X2 (N2 ) - ((X2 (N2 ) -X2(l) ) /nTOTAu) 5 YKNi >1 ) = Yl (Nl )
99 XI (N1-H)=X2 (N2 ) LMi-hl^l $M2 = N2

1UU 7 U^LTAT= (TFINAc-T IN IT L) /NTOTAL
lul CALL AMINMX{X1 ,M1, 61, 62 )
1.2 CALL AHINMX (Yl ,M1 ,.i3,0w)
Iu3 CALL ArtlNMX(X2,M2, 35,86)
lj<* CALL AMINMXU2 , M *: , 87, 36 )
1.3 h^ITE (7 ,^>2) 80 ,3w,d7 ,'J6 ,81, 32, 3-3,3o
106 32 FJKMAT(*MIN/MAX VALUES OF NS C'JMPGN£NT = * , E 10 . 3 , 5X , E1C « 3 , / ,
Iu7 1 *MIN/HAX ;ALbi.S OF EH CuMPQN£NT = * , E 10 . 3 , 5X , £ lu « 3 , / ,
IJti 1 *MIN/MAX VALUES OF TIME (N5) = * , E10 . 3 , 5X, E 10 . 3 , / ,
lu9 1 *rtlN/NAA \/AuU£S OF TIME (-H) = * , Ei Q . 3 , 5X , El U . 3 )
110 KTcRl = luHNS CurlPOwE 4KT£R2 = 1 3 HNT
111 CULL AuRAPH (Yl ,X1 ,>J3,Bt ,M1 ,<TEr^l,KTER2)
112 WRITE (7,53) SCALL GLTNUM(A) S IF ( A { i ) , EQ . u . ) G JT 0 1 J 0
113 5p FCiftMAT(*L=ki
11^ KT c.Rl=10hc.'rf
115 CALw AGRAPr (
life HRITE(7,^p) HUALu GiTNUM(A) S I F ( A ( ^ ) . cQ . 0 . ) GOTO 1 0 u
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117 DJ d I = i,NTOTAi.
118 T( I) = TINITL + <iJilLTAT*(I-lM
119 03 9 J=1,M1
12G D£LTX1(J)=X1(J)-T< I)
121 9 CONTINUE
122 UO 10 J=l f M2
123 U-_LTX2(J)=X2( J)-T( I)
124 10 CONTINUE
125 LO 11 J=1,H1
126 JK=J+1 $IF (JK.GT.Mi) JK=M1
127 IF(uELTXi(J).LT.j. .ANO.Dc.LTXl ( JK) .GE . 0   > IXI UP = JK
128 IF(QcLTXl{J).LT.J..ANO.Ofc.uTXl(JK).GE.0.)IX10N=J
129 11 CONTINUE
130 DO 12 J=l f M2
131 JK:=J+1 $IF( JK.bT.M2) JK=M2
132 IF(0£LTX2(J).LT.G..ANO.Ot~LTX2(JK).&E.O. )IX2UP=JK
133 IF(OELTX2(J).LT.J. .ANO.OELTX2 ( JK) . GE . 0 . ) IX2QN = J
134 12 CONTINUE
13s- ArtPlI)=(«Y1 (IXIUP)-YI (IXION) ) / (XI (IXiUP)-Xl (IXION)) )*(T(I )
136 1 -Al (IX1DIM) ) )+Yl (IXION)
137 AZM(I)-(((Y2 <IX2UP)-Y2 (IX20N))/(X2(IX2UP)-X2<IX2uN)))*(T(I)
138 1 -X2(IX20N)))fY2(IX20N)
139 8 CJINTINUE
1-tU LMLL AMINMXAHP»NTOTAL» 31, d2)
1^1 CMLL AMlNilx(6ZHf NTOTAL » 33, B^)
l-»2 WKlTE(7,13)dl , J2, b3f Bt*,TINITL»TFINAL
l-r3 13 FORMAT(*MIN/HAX VAuUtS OF NS DATA = * ,£ 1 0 . 3 , 5X ,L 1 y .3 , / ,
ms> 1 *h!N/MAX \/ALULS UF EW DATA = * ,£ 10 . 3 , 5X , ^ A j . 3 , / ,
i-ib 1 *MIN/MAX VALUES UF TIME = * ,E1Q . 3 , 5Xt L * 0 . 3 )
146 KTc.Rl = 10hNS COHPONL SKTER2 = 10HNT
147 CALL AGRAPh(AMP,T,81,62,NTOTAL,KTtRl,KTER2)
l4ti ^^ITE(7,^i?) £CALL GtTNUM(A) JIF (A (1) .EQ . 0 . ) GOTOlb ..
l-»9 KFc-kl^lOHZW COiMPONc
liu CALL AGRAPH(AZ,M,T,d3,B4,NTOTAL,KTLRi ,KTER2)
1-ji WRITE (/'»55) £CALL GETNUM(A) SIF {A (1) .EQ . 0 . ) GOT010 0
1^2 GJ li» 1 = 1,NTOTAL
1^3 Z1=AMP(I) $Z2=AZMII)
i^4 AMP(I) = SURT «Zl**2)f (Z2**2) )
1^5 I r (Z2.£Q.u.)Z2=1.E-2Q
136 MZM(I)=(ATAN(Z1/Z2))*(18U./PI)
1S7 IF(Zl.LT.u.)AZM(I)=AZM(I)*ldu.
1^8 IF(AZM(I).LT.O.)AZigl(I)=AZM(I)>360.
1J9 IF(AZM(I).GT.36b.)AZM(I)=AZM{I)-26U.
150 m CONTINUE
101 CALL A?1INMX(AMP f NTOTALt 61,d2)
102 CALL AMINMX(AZH,NTOTAL,83,B4)
103 HKlTE(7,i5>) B1,32,B3,34,TINITL,TFINAL
io-> 15 FjRMAT (*MIN/MAX VALUES OF AMPLITUDE = * ,E10 . 3 , 5X , E 10 * 3 ,/,
Ibp 1 *MIN/MAX VALUES OF AZIMUTH = *,£10.3,5X,E10.3,/,
166 1 *MIN/MAX VALUES OF TIME = *»E1G.3,5X,E10 . 3)
167 KTcKl=10hAMPLlTUut iKTLK2=iUH
iod CMUL AbRAPh(A,^P,T ,bli dc: f nT OTAL,KT-Ri,KT£R2)
Ic9 ^-,ITut7,35) iC«LL GETNUM(A) £1F (A (1) . ECU 0 . ) GO TO 100
i/o KT L c<l=iuHMZlMUTH
171 CALL AGRAPH(AZM,T,33,B<+,NTOTALf KTER1»KTER2)
172 WRITL(7,pp) SCALL GETNuM(A) 5 IF (A (1> .EQ.0.)GOTQ100
173 22 CONTINUE
I7<f H\ITE(7,16) SRcAO(7,17) CHECK SIF (CHECK . EQ.1HY) GOT01S
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175 16 FORMAT(*SET iNITIAc AND FINAL TIMLS FOR SHARPNESS PLOT?*,/,
176 1 *YES (Y) OR NO (N)*)
177 17 FJRMAT(Al)
178 KuMl=l $KLM2=MTOTAL $GOT019
*79 18 W*IT£(7,123) SCAuu GETNUM(A) $TON=A(1) $TUP=A(2)
180 123 FOfcMAT(*LNTEft INITIAL AND FINAL TIMES*)
181 IF (TDN.LT.TINITL)TON=TINITL $IF (TUP.GT.TFINAL) TUP=TFINAL
Ia2 IF <TQN.GT.TFINAL.OR.TUP«LT.TINITL)WRITE(7,21)
133 IF (TON.GT.TFINAL.OR.TUP.LT.TINITDGOT022
18* 21 FJRMAT<*IN;TIAL ANC/OR FINAL TIME ERROR, TRY AGAIN*-)
Idb 00 23 I=1,NTOTAL
186 XI (I)=T(i)-TDN $X2(I)=T( I) -TUP
187 23 CONTINUE
188 KLM1=1 $KLM2=NTGTAL
189 00 2<t I = 1,MTOTAL
1^0 J=I+1 SIF 1X1 (I) .LE.O. .AND.XK J) .GT.O ,)KLM1=I
191 Ir(X2{I).L£.Q,.ANJ.X2(J).GT.Q.) KLM2=I
192 '<L* CONTINUE
193 1 i Co NTlNUi!
19-* j_ ] A= (Mi-lr (K^M2 ) -AMP (KLM1) ) /(T ( KLM2 ) -T (KLMi) )
1^ .F (dcTA.^Q. 0, ) j^TA= ( ( (AMP(KLM2) -AMP ( KLM1 ) ) /2 . ) +AMP(KLM1) )/
l^o 1 ( ( (T (KLM2)-T (KL.11) J/2 . )+T(KLHD)
197 IF (BcTA.cQ.O.) WRITE(7,25) $ IF { BETA. EC}. 0 . )CALL GETNUM(A)

199 d5 F-JhMAT(*AV£RAGc SHARPNESS IS ZERO*,/,
200 1 *tLNT£R ^/ALUE FOk USE IN SHARPNESS PLOT*)
2ul UO 26 I=1,MTOTAL
2^2 AZM(I)= ( (AMP(H-1)-AMP(I))/(T(I+1)-T(I» )/BETA
203 26 CONTINUE
2Jt+ CMLL AMlNrtA(AZH,MTOTAL,81,d2) SB3 = T(1) BB<*=T ( MTOTA L)
^-5 W<iTE (7, 27) 31,32,82, 8^
206 27 FJRMAT(*MIN/MAX VALUES OF SHARPNESS = * ,E10 . 3, 5X, E10 . 3 , / ,
2u7 1 *MIN/MAX VALUES OF TIME = * , E 10 , 3, 5X , ElO . 3)
2u8 KTLRl = 10HSHARPi.iESS SKTER2 =10HUUANTIT Y
209 CALL AGRAPH<AZM,T,31,32,MTOTAL,*T£ftl,KTER2)
210 WrlTE (7 ,S5) SCALt. GETNUMIA) SIF (A ( 1) .£Q .0 . ) SOT010C
211 W\ITE{7,5o) SRc.AD(7,17)CHECK$IF (CHECK. EQ. 1HY ) GOT022
212 5o FORMAT(*Kc-COMPUTt SHARPNESS? YES(Y) OR NO <N)*)
213 GDTOlDu
21H lib W<ITE (7,900) S-iEAO (7, 17 ) CHECK SIF ( CHECK . £Q. 1HY ) REWINO 5
215 900 FURMAT(*cNO OF DATA. RE-START?*)
216 IF (CHECK, £U«1HY)GUT01UU
217 STOP
218 E. N 0
219 SjoKOUTir^. Gc.1.iU.1((x)
ti'j u.McNliU.J r, < 1) , t. (iili)

2;.'! r. «J (7 ,9) L i I = J=b

dw2 o J=J*1 5 N=P=S=u S M=F=1
223 ; 1=14-1 £ IF (I.GT.du)RETURN S D = L(I) S K=H
C^H ir IJ.EJ1   Jo) K=2 » IF (O.GE.27.A. JiLE.36X = l
2cp IF (U. LU.-7) K=3 i K = K + i $ G JT 0 { 1 , 2 , 3 , 5 , 1 , *t , 3 t ^) K
22c ^ N=N*lU+U-27 { S=H S GOTO ?
227 2 M=-l S S=H $ GOTO 5
228 3 P=I $ S=H S GOTO 5
229 <+ IK(P.NE.O)F = 10.**(I-P-1) $ R(J) = N/F*M $ GOTO 6
230 9 FORMATUUR1)
231 ENL
232 SUBROUTINE AGRAP H( R, T , Al ,8 , NRECPf, Kl , K2 )
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233 CJMMON/JPLCT/XLT,ART,YLO,YUP,MAJX,MAJY,KX(2) t<Y(2) , 
23<* 1 uTITL<8) ,LU,LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2<8)
235 DIMENSION R ( 50 ) , T ( 50 ) , A (20 )
236 KX <1)=1GHTIME (GMT) SKX(2)=10H
237 XLT=T(1) $XRT=T (NKECPT) *KY(1)-K1 $KY(2)=K2
238 YLG=A1 $YU?=8
239 13 WRITE(7,3) JREA 0 (7 , <* ) CH SIF (CH ,£Q, 1HN .OR* CH . EQ.1H )GOT05
2^0 3 FORMAT(*SET HORIZONTAL SCALE? Y OR NUBLANK)*)
2^1 <t FORMAT(Al)
2«*2 W\ITE(7,b) 5CALL GEINUM(A) JXLT = A(1) $XKT = A(2)
243 6 F3KMAT(*MIN/MAX X VALUES*)

b WKlTE(7,7) SRLAJ(7,i*)CH SIF ( CH .EQ. 1HN .OR. CH.EQ.lH )GOT08 
	W\ITE(7f 9) SCALL GETNUrt(A) SYLO=A(1) $YUP=A(2)

7 FJRMAT(*SET VERTICAL SCALE? Y OR N(=BLANK)*)
9 FJRMAT(*MIN/HAX Y VALUES*)
3 AA = YUP «IF(YLO.£a. AA ) YUf*=Y UP * ! . $IF ( YLO .EQ. A A ) YLO=YLO-1.

250 10 FJRMAT(*SKIP PLOT CF *,2A10,*?*)
251 ^A0(7,i+) IJVAR
2£>2 IF (IJVAR.tGUlHN.OK.lJYAR.EQ.lH )CALL PLOTS ( ^ , T »1 1 NRECPT)
253 W<ITc(7fl2) SCALL GETNUM(A) $IRS-A(1) SIF ( IRS . EQ.l ) GOT013
254* 12 FURMATC*! = Nuw PcCT, 2 = RETURN*)
2?5 RETURN $ENC
25b SUBROUTINE A MINM X ( *, NRECPT , B , A )
^57 uiNENSION h(rj)
dp« M-1IOPT= ((K(NKr-CPT) -R (1 ) ) /2 .) t R(i)
25^ *i = 3 =AMiuPT .
26 g uj 1 I = ltNRcLrj r
261 IF (R(I) ,GT. A) A=k (I )
262 IF(K(I).LT.B)B=R(I )
2o3 i CJNTINUE

	RETURN $ENC
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INTRODUCTION

A model for sli p-related tilt events has been discussed in McHugh 

(1976b). Briefly, the model assumes a rectangular, vertically oriented, 

dislocation loop expanding quasi-statically in a homogeneous elastic medium 

with a spatially and temporally variable displacement distribution across 

the slipping region (Model II). This model demonstrates that a slip zone 

very close to the station will produce a more rapid change in tilt amplitude 

than a distant slip zone. Model II allows the source-station distance to be 

estimated from the onset sharpness (i.e., the time rate of change of the 

tilt amplitude). The program input consists of the slip zone geometry, 

and the output is a graph of onset sharpness versus source-station distance. 

Access and Use

The program requires approximately 70K of core and is intended for use 

on the LBL 6600B or C computer and the Tektronix '(4010-1) terminal. To 

access and operate the program, enter an ^LOAD, SHARPS, MCHUGH followed by 

,,RUN. The program links automatically to the appropriate plotting routines.

Input

The input, source-station configuration, and program options are 

identical to those described for Model II (McHugh, 1976b) and will not be 

repeated here. Program SHARPS computes the gradient of the tilt amplitude 

change as a function of source-station distance. Consequently, in addition 

to the source configuration, the XI position of the station (XI), the initial
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X2 position (X2IN), and the increment in the X2 position (DELTAX) must be 

entered (Figure 3-C1). These three parameters are entered after the slip 

zone coordinates when the computer writes:

Enter XI, X2IN, and DELTAX

Program Operation

The program computes the quasi-static tilt amplitude as a function of 

time at a station in positional, X2)as the slip zone expands from its 

initial to final positions. The sharpness quantity, JSJ, is computed by 

numerically differentiating the tilt amplitude and normalizing by the event 

duration and residual offset. The maximum sharpness at the onset of the

s\

event (the onset sharpness, 0) is computed for the station position, X2. 

The X2 coordinate of the station is normalized by the final length of the 

dip-slip zone (unless the length of the dip-slip zone is zero, in which 

case the length of the strike-slip zone is used - Figure 3-C1). The program 

then increments X2 (using DELTAX) and computes the onset sharpness produced 

by the slip zone at the new station position. 

By definition, the sharpness quantity is:

fs] = d0 
1 J

dt/ l (0f " 0i / (tf " t;

where 0 is the tilt amplitude, t is the time (determined by the position of 

the zone, as discussed in McHugh, 1976a, b) , and _i and _f_ refer to the 

initial and final quantities. The derivative is normalized by the residual 

offset (0 f - 0.) because the tilt amplitude is proportional to the slip, 

which in general cannot be determined from the records of a single station.



The duration of the event is also used to normalize the derivative because 

the correspondence between time as a model parameter and time on the station's 

record cannot be precisely determined.
/N

The onset sharpness (0) is the maximum sharpness of the event within the 

first few time units (defined by Nl, = (.075*NRECPT)+1 in line 73, and NRECPT 

(line 190)) to avoid the possibility of a global maximum, not coincident 

with the onset, contaminating the results. The onset sharpness is determined 

for 20 station positions (i.e. XI constant, X2 = X2IN + (DELTAX * K), K = 1 

to 20, line 194 in the program listing) and plotted as a function of D/L 

(D is the perpendicular source-station distance - the absolute value of X2, L is 

the length (in the XI direction) of the dip-slip or strike-slip zone - 

Figure 3-C1).

Output
/\ 

After the computations of 0 versus D/L are completed the program writes:

Min/Max values of sharpness = (numerical values) 

Min/Max values of (D/L) = (numerical values)

These statements are followed by requests for scaling information pertaining to
/\

the graph of 0 versus D/L. The scales are set in the same fashion as in

programs discussed elsewhere (McHugh, 1976a) and will not be described here.
/ >.

After the plot of 0 versus D/L has been displayed, the graph can be re-scaled

and displayed (option 1), or the computer will move to the next section of the 

program (option 2). If option 2 is selected, the computer will write:

0 = Re-start, 1 = Specify new DELTAX and continue.

Entering a zero causes the program to be re-started, and 1 causes the computer 

to write:

Enter new DELTAX
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The new value of DELTAX must be entered; the computer will respond: 

0 = Re-start with all new values 

1 = Re-start with previous values and new DELTAX

Entering a zero causes the program to be re-started (i.e., new input 

values must be specified), a 1 causes the program to be re-started with 

the new DELTAX and the previous slip zone geometry. 

Results and Discussion

As an example of how this technique and program may be used to interpret 

a tilt event, consider the 27 October 1974 LIB event (Figure 3-C2) with 

onset sharpness equal to 9.2 (using program ONSTSP - page 3-B.22). The 

observed tilt component amplitudes and the sharpness, £sj, computed from the 

observed tilt (using ONSTSP) as functions of time are shown in Figure 3-C2a. 

If it is assumed that the observed tilts are produced by an expanding dip-slip 

zone (which is known to be capable of producing a step-like tilt event), the 

source-station configuration may be estimated from the tilt amplitude versus 

time waveshape; and the onset sharpness may be used as a constraint on 

the source-station distance.

The assumed source-station configuration shown in Figure 3-C.l will 

produce a waveshape and deflection similar to the event observed at LIB, 

but in general the displacement and source-station distance (D) will not 

be known. The amplitude of the offset is affected by the amount of dis- 

lacement across the slip zone as well as D. However, the source-station 

distance may be estimated using the onset sharpness, which allows the dis- 

lacement to be determined directly from the event amplitude. Figure 3-C2c

A
is a plot of onset sharpness (0) versus D/L computed using program SHARPS 

for the model in Figure 3-C1. An onset sharpness of 9.2 (determined for the 

observation at LIB on 27 October 1974 using ONSTS?) implies that D/L = .85



(page 3-C.9) for the configuration in Figure 3-C1. If L = 100m, then the 

X2 coordinate of the station is 85m. The observed deflection at LIB is 

0.6 yrad to the southwest, consequently the displacement must be .36mm 

(determined by using the source-station configuration in Figure 3-C1 as 

input to program SLPPRP and adjusting U3IN and U3FN until the theoretical 

residual tilt offset equals the observed residual tilt offset).

Program SLPPRP was used to generate the tilt component amplitudes and 

sharpness versus time plots in Figure 3-C2b (with the time scale adjusted 

so that the theoretical event duration was similar to the observed duration). 

Although it was assumed that the source of the LIB event was a bilaterally 

propagating dip-slip zone (because this type of source will produce a step- 

like tilt waveform), 100m in length, the source-station distance and amount 

of displacement (85m and .36mm respectively) were estimated directly from 

the observations.

Comparing Figure 3-C2b to 3-C2a, it is seen that the model in Figure 

3-C1 reproduces: 1) the observed sense of deflection (i.e.southwest), 

2) the general, step-like, appearance of the waveform, 3) the amplitude 

of the deflection (about 0.6 yrad); 4) the correct onset sharpness (about 9.), 

and 5) the basic features of the sharpnesses], versus time curve. Although 

the theoretical solutions are not in complete agreement with the observations, 

the basic features of the data can be interpreted with the model and tech 

niques presented.

NOTE: The observed tilt component amplitudes versus time profiles (Figure 

3-C2a) were processed using program ONSTSP; the sharpness versus time (Figure 

3-C2a) was computed by ONSTSP, The theoretical tilt component amplitude 

(Figure 3-C2b) were generated by program SLPPRP (McHugh, 1976b), the theore 

tical tilt sharpness (Figure 3-C2b) by a modification of SLPPRP. The onset
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sharpness versus D/L (Figure 3-C2c) was determined using program SHARPS. 

The theoretical curves (Figures 3-C2b,c) were generated for the model in 

Figure 3-C1.
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EXAMPLES OF SHARPS OPERATION
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LOAD CGHFUETE, 
OK - -EDIT 
-RUN!

1/2=SLXP 
STRIKE-SLIP/DIP-SLIP 
1 If

SKIP PLOT OF CHSET

CONTRACTS

STRIKE-SLJPxOIP-SLIP 
1 If

1 SIDE 
/ U3IH/ UU1IN, 

9011*
 TRIGGER OPTION 
N!
D1X1 IN, D1X3IN, £^X3IN, D3X1 IN, 
.89 8 .1 .^5 .1 © .10! 

XI, J«IH,

JSUTE PLOT TITLE/



PftOPAGATION/27 OCT. 1974 LIB EUEHT

0
N 
S
E 
T

R 
P 
H
E 
S 
S

259

8

PLOT, 2 -
i

I -
It
SET HORIZONTAL
Y!
tUN/flftX X
9 .5!
SET UERTID3L

MIH/^ Y U^Li^S 
9

1.

X2/<FAULT LENGTH)

3-C. 12



SHfcRPS/SILATBfc^L PftCPAQVTI CN/27 OCT. 1974 LIB EU£HT

0 
N 
S 
E
T

5 
H
6 
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P 
N 
E
c
%J

S

768. E-

189

8

I i i r i f i i T~~f

PLOT, 2 »

SET UERTICSL 
Y!

Y

t I  n t i i i t__i *

X2/(FAULT LENGTH)
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SH6KPS/BILAT£R£L PRCPfcGATIGN/27 OCT. 1974 LIB EUB4T

0 
N 
S 
E
T

S 
H 
M 
I? 
P 
N 
E 
S 
S

160. 

90. 

88 

70 

68 

5© 

48 

38. 

29 

18

e

i T i 4 i i T i r t^ t

I

i » 9

1   NB4 PLOT, 2 «
1!
SET HORIZONTAL SCALE? Y
Y!
mH/t*& X UtiLUES
.5 1!
SET UERTICSL SD^E? Y
Y!
MIN/t!fcX Y U*1UJ£S
8 18!
SKIP PLOT OF CHSET

i»»*l%ILA^

X2/<FAULT LENGTH)
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I
1 » NEW PLOT, 2 » RETURN 
2!
e»#£-sTfc£rr, I^SPSCIFY NEW CELT***
2!
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1 CELETE( LGG, OUTPUT, SHARPS)
2 SHARPS.
3 CXIT.
k LI8COPY (GRAPHIC, TXLGC/RR,TXLGO)
5 LI3COPY (JORAT, NPLGQ/^P, NPLGO)
6 DELETE { LGO, OUTPUT, SHARPS)
7 RUN 76 (S)
8 LINK(F=LGO,F=TXLGO,F=NPLGO,B=ShARPS )
9 SHARPS.

1C FIN.
11 C OR
12 PROGRAM SHARPS (TAPf.TTY=201» !r lLM = TAPETTY,TAPL 7-TAPE1TY )
13 CCMMCN/T VPCOL/TVPUL(8)
1*+ CCMMON/TVTLNF./ITUNEC 30 >
15 CCMMON/JPLCT/XLT,XRT,YLC,YUP,MAJX,KAJY,KX(2),KY(2)»
16 1LTITL<6) ,LL,LTF,LNLGX,LNLGY, NCLX,NCLY ,LTIT L? (8)
17 DIMENSION IFFT(S)
18 DIMENSION TX{100),TY(10Q),T(1GO)
19 DlMENSICh G (20) »C U0> »A (33), IT U) , ICFNR<16 )
20 DIMENSION TAMPdGQ >t ShARP(2Q> »OOL(2Q)
21 CALL FET <5LTAPt.7, IFET, 8)
22 IFET <2) = IFF.T <2> .OR .0000 OC10 QCOC GQOC 0000?
23 IFFT(8)=IFET(8).CR.^COG OOOQ COGG DCGC 0 C G C -
2k CALL FET (5LTAP&7, IFET, -8)
25 KTEST=1
26 67 CC 101 J = 1 , 1 3
2-7 Q{J>=C. *C(J^l8)rQ. 5C(J)=Q.
28 Id COMINUE
29 W K I T E ( 7 , 1 )
30 i FORMAT (*1=20NF EXPANDS, 2=ZONt CCNTRACT?*)
31 CALL GCTNUMA) JIFLAG=A(D 5 >J R I T L ( 7 , 2 )
32 2 FCFMAT (*i/2 = SLiP INCREMENTED EXPONENT IALLY/LINEARL>I*»/.
33 1 *STFlKt -SLIP/DIF-SLI 3 * )
3k CALL GETNUM-U jKFLAGs^Ad ) SKFLAGC = A(?) SARITE (7,3)
35 3 FCPMAT(*0 ^INCREMENT CCFNERS SEPARATELY*,/,
36 i *i/2- TN'CPEMF.NT ALL CORNERS E X PC NE NT K LL Y / L I N EA RL r * , / ,
37 i *STRKF -SLIP/DIP-SLI 3 * )
38 CALL G£TNU,V (A) gL
39 1C HO 1 = 1,^
kQ IT(I)=5
ki 110 CONTINUE

t+k IF(LFLAG,EG.Q .OR. MFLAG.EQ. D) CALL S LPCP N ( LF LA G , MF L AG , 1C PNR :)
^5 IF(LFLAG.EC.Z) GOT^ 5 3GCT06
^6 5 DO 7 1 = 9 ,1 6
t*7 7 ICRNP(I)=2
i*8 6 IF(MFLAG .EC.2) GOT08 SGCTC9
^9 8 DC 10 1=1, 8
r̂ C 10 ICRNR(I)=2
51 9 WRITE(7,n) jCALL GETNUMtA) $C(33>=A(i) SC(3^)=A(£)
52 11 FORMAT (*'Ui>0* = LEFT- L AT 1 RA L ST R I KE - SL IP* , / ,
53 1 **'J3>Q' = *X2>0* SIDE OOWM,/,
5k i *UiIN, UlFN, U3IN» U3FN*)
55 C(35)=A(3> SC<36) = A(<+) BHRIT£(7,12)
56 12 FORMAT (^'TRIGGER* OPTION OE5IRFD?*)
57 REAQ{7,13)TRIG 3IF <TF IG .FQ .1 H Y ) CALL TRIGGR(IT)
58 13 FOR^IAT(Ai)

	 }-r i R
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
33
84
85
86
37
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104 
1C5
106
107 
1C8
109
110
111
112
113
11<*
115
116

15

17

16
18

75

21

19

24

23

0 3X1 FN1 

(3)

IF(C(33).EC.Q..AND.C(34),EQ.Q.)GCTCi4
WRITE(7,l5) SCALL GETNUM(A) $C(17)=C<19)=A (l)
FORMAT(*ClXlIN,ClX3lN,C2X3lMiC3XlIN,ClXlFNtClX3FK,C2X3FN,C^XlFN*
C (18) = C(24)-A(2) 3C(2Q)=C(22)=A<3) $C (21)=C ( 23) = A(4)
C(25)=C(27)=A(5) $C(26)=C(32)=A(6) SC(28)=C(3Q)=A(7)
C(29)=C(31)=A(8)
IF(C(35).EG.O..AND.C(36).£Q.O«)GCT016
WRIT£(7,17) SCALL GETNUM(A) $C(D=C(3 ) =A(1 ) SC(2) = C(8)=A(2)
FCRMAT(*ClXiIN,OlX3lN,C2X3lN,D3XiIN,OlXiFN,DIXjFN,D2X3FN,
C(*t)=C(6) = A<3) SC(5)=C(7J=A(4) SC(9)=C(lD=A(5)
C(1Q)=C(16)=A(6> 5C(12>=C(14)=A(7) $C(l3)=C(l5)=
WRITE(7,18) BCALL GETNUM(A) jXl=A(D $X2lN=A(2) 5CFLTAX=A
FORMAT(*FNTER Xl, X2lN, AND OELTAX*)
X3=0. $NRECPT=1QO iN=(.075*NRECPT) $X2=X2lN
Nl = N*l 5N2=NRECPT- (.G75*NRE3PT)-l
N3 = N2 + 1 SPI=3. 1415^26 jRN»l=Ni
CONTINUE
DO 21 J=l»8
0(J)=C(J) SO(Jf8)=C(J+16)
CONTINUE
0(l7)=C(33) $D(18)=C(35)
00 19 1=1,N
CALL CMPTLT(D,Xi,X2iX3»Tl»T2)
T(I)=I $TX(I)=T2 $TY(I)=Tl
CONTINUE
DO 24 J=l»8

CONTINUE
0(l7)=C(34) SO(18)=C(36)
00 23 I=N3fNRECPT
CALL CMPTLT(D,Xi,X2fX3»Ti,T2)
T(I) = I $TX(I)=T2 STY(I)=Ti
CONTINUE
IFGREC^Q
DO 25 I = Nl ,N2

IF(TRIG.EC.1HY)GOTC26
DO 27 J=l,8
J8=J^8 $Ai=C(J) S3=C(J8) SE=C(J8+8) SF=C(J+2^)
CALL XPNSHL(Ai,B,RNl,RN2fRI»YD
CALL XPNSHL(EtF,RNl,RN2tRI»Y2)
IF(ICRNR(J).EQ.2)CALL ALINAR(Al,8 f RNl f RN2 , FI, YI) 
IF(ICRNR(J6).EQ.2)CALL ALINAR(E»F,PNi»RN2»RI f Y2) 
D (J)=Yi SC (J5)=Y2 

27 CONTINUE
CALL XPNSHL(C(33) ,C(34),RNl,RN2»RI»Yl) 
CALL XPNSHL(C(35),C(36),RNl,RN2»RI»Y2)
IF(KFLAGS,NE.DCALL ALINAR(C(33).C(34),RNl,RN2iRI»>D 
IF(KFLAGC.NE .1)CALL ALINAR(C(35) ,C(36) ,RNi,RN2>RI»>2) 
0(l7)=Yl 5C(l8)=Y2 SGOT028

26 IF(IT(2).EG.1.AND.KFLAGS.EQ.I)CALL XPNSHL(C(33)»C(34),RNlt 
1 PN2»RI»Y) 
IF(IT(2)-EC.l.AND.KFLAGS.NE.l)CALL ALINAR(C(33)»C(34)» RNl

IF(IT(2).EG,O.AND.KFLAGC.EQ.DCALL XPNSHL(C(35),C<36),RNl, 
1 PN2»RI,Y)

IF(IT(2).EC.Q,ANO.KFLAGC.NE.1)CALL ALlNAk(C(35),C(36),RNlt 
1 RN2.RI.Y)
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117
118
119
120
121
122
123

125
126
127
128
129
130
131
132
133

135
136
137
138
139

150
151
152
153

155
156
157
158
159
160
161
162
163

165
166
167
168
169 
17Q
171
172
173

32

IF(IT<2> -EG. Q)0(18)=Y
DO 32 J=l» £
J8=J+8 $Ai=C(J) $B=C(J8) SE=C
CALL XPNSHL(Al,B,RNltRN2i«ItY
CALL XPNSHL<E»FtRKl»RN2tFItY2
IFdCRNR (J >.EQ.2>CALL ALINA^ (
IFdCRNR (J8) .EQ.2)CALL ALINAR
0(J)=Yl IOU8UY2
CONTINUE

SMIT*»=IT{*») $IF(I 
LT.C(^IT^).AND.IT( 
LT.C(MITif) ,AND.IT( 
LT.C(MIT^).AND.IT( 

C(MIT<*> ) GCT035

SlFdT ( 2) .EG.l )D(17)=Y

(J8+8
D 
)

<E,F,
»RN2» FI

29

MIT3=IT<3>
IF(D<MIT3)
IF(D(MIT3>
IF(0(MIT3)
IF(0(MIT3)
00 <*Q J=9,i6
0(J)=C(J 48)
GOT028
IF(D<MIT3)
IF(D(MIT3)
IF(D(MIT3)

T(l).EQ.1)GOTC29 
2)-EG .Q)C(17)-C(33) 
2).EG.l)D(id)=C(35) 
2) .EG.DGCT033

GE

GT 
GT

2).EG.Q)D(l7)=C(33) 
2).EQ.l )0(18)=C(35) 
2).EG.1)GOT033

33
36

35

C(MIT^),ANO.IT( 
C(MIT^).AND. IT( 

,GT.C('MIT<f) .AND. IT ( 
IF(Q(MIT3> .LE.C(MIT^))GCT035 
DO 3^ J=9tl6 
D(J)=C(J +8) 
GCT028 
DO 36 J=lt 8 
D(J)=C(J ) 
GOT028
IFGREC=IFGREC+i 
IF(IFGREC.EQ.I)ITIfE^I 
IF(IFGREC.EQ.1)RITIME=ITIME 
IF(IT(2).EG.O.AND.KFLAGS,EQ.l)CALL

)CALL ALINAR(C(33) fC<3<+) » 

)CALL XPNSHL(C(35) ,C ( 36) , 

IF(IT(2)-EG.1.ANO.KFLAGC.NE.1)CALL ALINAR(C(35) t C(36),

IF(IT(?).EG.O.AND.KFLAGS.NE.l
RN2,RI t Y) 

IF(IT(2) .EC, i.AND. KFLAGC.EG.l

RITM£, 

RITME,

tIF(IT(2)«FC.O)D(l7)=YIF(IT(2) .EG.1)0(13) =
IF(IT(2) .EC.D GOT037
DO 38 J-9,16
Al = C(J + 8) ?8-C(J4-l6) 1SCALL XPNSHL (A 1 , 8 » RITIME , RN2 »RI»
IF(ICRNR(J).EQ.2)CALL ALINAR (AI,S , RIT IME,RN2»RI» Y) 

38 0(J)=Y
GOT028 

37 00 39 J=l,8
E=Ct J) SF = C ( J4-8) SCALL XPNSHL (E , F f PIT IME ,RN2 » RI f Y)
IFdCRNR (J) .EQ. 2) CALL A LINAR ( E ,F , R IT INE , RN 2 » RI» Y ) 

39 0(J)=Y 
28 CALL CMPTLT(D,Xl,X2,X3»Tl,T2)

TX(I)=T2 $TY(I)=Tl 
25 CONTINUE

IF(IFLAG.EQ.2)GOT0^6
AR=TX(D $B=TY(l)
DO k7 I=i,NRECPT
TX(I)=TX (I)-AR 

k7 TY(I)=TY (I)-B
GOTO^S
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175 <+6 DC i+9 I=i,NRECPT
176 TX<I)=TX(NRECPT)-TX(I)
177 **9 TY(I)=TY (NFECPT)-TY(I)
178 <+8 DO 50 I=1,NRECPT
179 TAMP<I) = SQRTUTX(I)**2)+(TY(I)**2»
18Q 50 CONTINUE
181 NEND=NRECPT-l
182 8ETA_TAMP(NRECPT) -TAMP (D $1 F { BE TA . £ Q . 0 . ) BET A = ( ( T A hP (M REC PT)
183 1 -TAMP(l) )/2.)fTAPP(l)
18<+ AICTA=T(NRECFT)-T(i) $IF(AIOTA.EQ.O*)AIOTA^i,E-20
185 ZETA = BETA/AIOTA $ IF(ZETA,EQ,Q.)ZETA =l,E-20
186 00 51 I=1,NEND
187 ALPHA=T (If D-T(I) SIF { ALPHA . EQ , 0   )ALPHA=i.E>20
188 TAMP(I):=«TAMP(l4-l)-TAyP(I))/ALPHA)/ZETA
189 51 CONTINUE
190 NNENO=Nlf(,1*NRECPT) SCALL AMINMX ( TAMF,NNEND,AM IN , AM A X)
191 SHARP(KTFST)= AMAX $ALNGTh = C(13) -C(9) S6LNG 1H = C( 2 9>-C(17)
192 RLNGTH-ALNGTH $IF(ALNGTH.EQ.Q.)RLNGTHr3LNGTH
193 DOL<KTEST)=A3S(X2/RLNGTH)
19^* X2 = X2lNf (DELTAX*KT£ST) SKTES T= KTE ST f 1 $IF ( KTEST . LE . 20 ) GOTO 75
195 KTEST=2C SCALL AMINMX(SHARP,KTEST,Al,A 2>
196 CALL AHINMXCQOL,KTEST,Bl,32) SWRITE(7 , 57)A l,A 2,8l,32
197 57 FORMAT <*MN/MAX VALUES OF SHARPNESS - * , E 1 C . 3 , 5X , E 10 . 3 » / »
198 1 *HIN/MAX VALUES CF (D/L) = * , L 1 C   3 » 5X , E 1Q. 3 )
199 LU=7 $LNLG>=i $LNLGY=1 $NCLX=2 $NCLY=2

2QO DO 200 KM=i,3
201 200 LTITL2(KM)riQH
202 WRITE(7,53) SREAD ( 7,5^) (LTITL(I) , I=1 , 8)
203 53 ^ORMAT(*WRITE PLOT TITLE, 8Q CHARACTERS*)
2Q^ 5^ FORMAT(8A1Q)
205 MAJX=5 SMAJY=1Q SKTERl=lQH DNSET SHA $KTER2=10HRFNESS
206 CALL AGRAPh(SHAPP,DOL,Ai,A2> KTEST,<TERl,KTER2)
207 WRITE(7,123^) SCALL GETNUM(A) ? IF (A (l ) ,£Q  ! .) WRITE (7 » 1235 )
2C8 123^ FORMAT (*0 = RE-START , 1=SPECIFY NLV. CELTAX AND CONTINUE*)
2C9 1235 FCRMAT(*ENTER NEW OELTAX*)
210 KTEST=1 ?IF(A(l>.EQ.O.)GOT067 BlF(A(D.EQ.l.)GOTOl236
211 GOT073
212 1236 CALL GETNUK(A) ?OELTAX = A(l) 5KTEST = i $WRITE ( 7,1237)
213 X2=X2lN ?CALL GETNUM(A) $IF(A(l>.FQ.0.)GOTC67 $GOTC75
21^ 1237 FORMAT(*Q=RE-START WITH ALL NEW VALUES*,/,
215 1 *l=RE-STAFT WITH FREVICUS VALUES AND NEW CELTAX*)
216 73 STOP SEND
217 SUBROUTINE X FNSHL ( F, Q , R l, S 1, T , Y )
218 S=(T-Ri>*6. $R=Sl-Rl JIF(R.EQ.C )R-1 -E-2G SALPHA=-S/R
219 Y=((Q-P)*(l.-EXP(ALPHA)))fP
220 RETURN $ENC
221 SUBROUTINE ALINAR(P,Q,R ,S,T,Y)
222 Y=(( (Q-P )*(T-F.»/(S-P) ) f P
223 RETURN SEND
22<4 SUBROUTINE SLPCRN ( LF LA G ,MFLA G , ICRNR )
225 DIMENSION A ( 20 ) , 1C RNR ( l 6)
226 WRITE(7,1)
227 l FORMAT(*1=VARIABLE INCREMENTED EXFCNENTIALLY*,/,
228 l *2=VARIABLE INCREMENTED LINEARLY*)
229 IF(MFLAG.NE.Q)GOT02
230 WRITE(7,3) SCALL GETNUM(A) SICRNR(1)=ICRNR(3)=A(1)
231 3 FORMAT(*DlXl, OlX3t 02X3, 03Xl*)
232 ICRNR(2) = ICRNR(8)=A(2) ?ICRNR ( k ) = ICRNR(6)=A(3)

	 5-r1 01
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233 ICRNR(5)=ICRNR<7) = AU )
23^ 2 IF<LFLAG.NE.Q)RETURN
235 rfRITE(7,<4> $CALL GETNUM(A) $ ICRN R ( 9 ) =ICR ^R (11 > = A ( D
236 k FORMAT(*ClXl, ClX3» C2X3» C3Xl*)
237 ICRNRdQ ) = ICRNR { 16 > = A ( 2 > SIC RNR ( i 2 ) = ICR NR <i t ) = A ( 3 )
238 ICRNR(13>=ICRNR(l5)=A (k) $RETURN BEND
239 SUBROUTINE TRIGGR(IT) 

	DIMENSION A<20> tIT (**>
	WPITE(7,l> SCALL GETNUM(A) SlT(D = A(l> IWRITE<7,2) 

1 FORMAT(*Q = 0(Il) > C(l2)» 1 = Ddi) < Cd2>*) 
2 FCRMAT(*Q = STRIKE-SLIP/I = DIP-SLIP ZONE TRIGGERED)

	CALL GETNUMA) $IT(2)=A(i> BWPITE(7,3) 
3 FORMAT (^SPECIFY U AND I2*>

	CALL GETNUK(A) SIT(3>=A(D $IT(^)=A(2)
	RETURN SEND
	SUBROUTINE AGRAPH ( R, T , A 1 ,9 tNRECPT , K 1, K 2 >
	CCMMON/JPLCT/XLT, XRT, YLO, YUP, MAJX,MAJY,KX (2) ,KY(2>»

250 1 LTITL(3),LU,LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2(8)
251 DIMENSION R (5fl ) , T ( 50 ) , A (20 ) » K X ( 2 > f KY ( 2 >
252 KX(D = iQHX2/( FAULT $KX (2 ) =10 HLE hG TH )
253 XLT = T(D $ XRT = T (NRECPT ) $KY(D=Ki $KY(2> = <2
25<+ YLC=Ai SYUP = 8
2^5 13 WRITE(7,3> 5READ(7,^)CH $IF ( CH .E Q. iHN. OR .C H .EQ . iH )GCT05
256 3 FCFMAT(*SET HORIZONTAL SCALE? Y OR N(=BLANK)»)
2?7 if FORMAT(Al)
258 WRITE(7,6) JCALL GETNUM(A) $*LT=A(i) JXRT=A(2)
259 6 FORMAT <*MN/MAX X VALUES*)
260 5 WRITE(7,7) BREAD (7 ,if ) CH $1 F (CH -EG . IHN . OR ,Ch .EQ . IH )GCT08
261 WRITF.(7,9) SCALL GETNUM(A) $YLC=A(i) $YLP = A(2)
262 7 FORMAT(*SET VERTICAL SCALE? r OR N(=ELANK)*)
263 9 FCRMAT(*MIh/MAX Y VALUES*)
26<+ 8 AA=YUP $IF(YLO.EQ.AA )YOP = YU :> ^1. $IF ( YLO. E C. AA ) YLC =YLO -1 .
265 WRIT£(7tlO)KY(i) f KY(2)
266 10 FORMAT<*SK]P PLOT OF *,2AlO»*?*)
267 READ (7,^)IJVAR
268 IFdJVAR.EG.lHN.OR.IJVAR.EQ.lH )CALL PLOTS (R , T , 1 , N RECP T )
269 WRITE(7,12) SCALL GETNUM(A) $IRS-A(i) S I F ( IKS , EC . D GOTO 1 3
27Q 12 FORMAT(*1 = NEW PLCT, 2 = RETURN*)
271 RETURN $ENC
272 SUBROUTINE A PlNMX ( R, NRECPT ,3 ,A )
273 DIMENSION F(5(J)
27k AMIDPT=( (R(NRECPT) -R (D )/2  ) ^ R(l>
275 A - B =APIOPT
276 DO l 1=1, NRECPT
277 IF(R(I) .GT.A)A=R ( I)
278 IF(R(I) .LT.B)B = R(I )
279 1 CONTINUE
230 RETURN $FNC
281 SUBROUTINE CMPTLT ( D, Xi , X2 t X3 i T 1, T? )
282 DIMENSION C(2Q)
283 Al = A2=A3 = A^=Bl = B2=Q3 = Bi4 = 0.

285 Ul=D(l7) $U3=0(l8)
286 IF(Ul.EQ.Q.)GO TO 1
287 CALL TILT<0(17) ,Xi,X2.X3»D(ll) ,0(12) »Ai,8l>
288 CALL TILT (D(l7) ,Xi ,X2»X3^0 (9) ,D( 1Q) ,A2»B2)
289 CALL TILT(C(l7) ,Xl,X2t X3,0(13) fD(l^) tA3,B3)
290 CALL TIL1(C(17) ,Xi,X2»X3tD(i5) tD<l6) ,A**,Bif)
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291 1 IF(U3-FG.C.)GC TO 2
292 CALL DPSFTL<0(l3>,Xi,X2,X.*t3(3>tD<tO,CAi,OEl>
293 CALL DPSPTL(D(l8) ,X1,X2»X3,3(l) ,0 (2) »C£2»062>
29<+ CALL CPSPTL(0(l8),Xl,X2,X3,0(5),0(6),DAj,063)
295 CALL DPSFTIC3<18) ,Xl,X2»X3tD(7) ,0(8) ,CA<*,OE*)
296 2 T
297 T
298 RETURN $ENC
299 SUBROUTINE T ILT (U 1 ,X 1, X ?, X 3 . p 1 » P 3 » T 1, T <> )
300 R
3d R

302 T
303 1 (R**3*RP**2)

30 i* T
305 1 +<Rf2»*P3)/(F*RP»
306 RETURN SENC
307 SUBROUTINE DFSPTL(U3»Xi,X2»X3tPl»P3»OTi,OT2)
308 R = SQRT(((Xi- 3 D**2)MX2**2)+nX3-P3)**2M

309 DTl=(U 3/6,283 ia)*nX2*P3)/P )*((! /(R**2))-d./U(Xl-Pl)
310 1 **2> + <X2**2»»
311 OT2=(U3/^.283ld)*(((Xi-Fi)*33)/((X2**:)t(P3**2)))«(({P3*
312 1 -<X2**2>)/<R*UX2**2)MF3**2>>)*U<<Xi-?l)**2>MP3**2))
313 1 /( D **3) )4 ( (X2**2) ^-( P 3* ¥ Z) ) / ( p * ( ( (XI-PI)**Z) MX2**2) ) ) )
3l*t RETURN $ENC
315 SUPfiOUTIN'E GETfJUM(R)

316 DIMENSION F(l> ,L (3 0>
317 READ(7»9)L ? I=J=0
313 6 J=J^1 S N=P^SrC $ N=F=i
319 5 1=1*1 S IF (I.GT.^C^RETLFN $ 3-L(I> $ K = ^
320 IF(D.EQ.38)K=:2 ft I F ( 0. GL, 2 7, A . 0 . LE . 3 6 ) K^ 1
321 IF(D.EG.A7)K-3 £ K=K*S £ GOT 3 ( 1 , 2 » 3 t 5 ,1 , H , ^ , ** ) K
322 1 N=N*10*D-27 I S=U £ GCTO 5
323 2 H = -i 5 3 = <+ { 0010 5
32^ 3 P=I S S=4 S GC10 5
325 i* IF(P,Ne". 0)F_1C.** C-P-1') 5 ?(J)=N/F*M £ GOTO 6
326 9 FORMAT ( 8 CM )
327 ENC
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Introduction

It has often been necessary to display digitized tiltmeter and creep- 

meter data, particularly when enlarged copies of short period events made 

from the raw records have been digitized. The method used to display the 

data must be sufficiently flexible that scale changes can be made easily 

and that portions of the data set can be enlarged or compressed. Program 

DSPLAY was developed to meet these requirements.

Access and Use

The program is intended for use on the LBL 6600B or C computer and 

the Tektronix 4010-1 terminal and required 50K of core. The program 

requires a data set labelled 'EVENTS' on library MCHUGH; if the data is 

stored elsewhere lines 6 and 10 in the program must be altered. DSPLAY is 

accessed using the command .LOAD, DSPLAY, MCHUGH; and the ..LOAD command 

may be followed by an RUN.

Input

The data is assumed to be in the form:

Header Card 
Data Block

N

Header Card 
Data Block 
EOR

There is no limit to the number of events, N, that may be read, but each data 

block must contain no more than 1000 data points (i.e. 1000 (x,y) pairs).
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The Header Card is assumed to contain the following variables 

with the format indicated:

LTITL(l), LTITL(2), . . ., LTITL(7), RA, B, C 

(eg. SASN01/03/74 .163 12.0 .192)

A3, Al, A2, Al, A2, Al, A2, 8x, 3F10.3

LTITL(l) is the station code (3 characters); LTITL(2) is the component  

north or east (1 character) in the case of tilt data; LTITL(3), LTITL(5), 

and LTITL(7) are the month, day, and year respectively (2 characters each); 

LTITL(4) and LTITL(6) are ignored in the program; RA, B, C are scale 

factors used in the program and will be explained below. If it is 

desired to structure the Header Card differently, lines 25 and 26 in the 

program must be altered.

Each line in the data block is assumed to have a format of (6(2F6.3)); 

for example:

Xl» yl* V y2>     ' V y6

-15370+04204-15330+04200 .... -1499CH-04190

If a different format is desired, lines 39 to 42 may be altered. The 

data block is terminated when either x(l) or y(I) is equal to 999.999. 

The upper limit of the array index, I, need not be specified, the computer 

will automatically determine the number of data points it reads.

Unlike the input to program ONSTSP, the input to DSPLAY need not be 

arranged such that the north-south component of the tilt data is read 

prior to the east-west component data. Each component is treated independ 

ently of all others. Consequently, creepmeter data or tiltmeter data with 

only one component present may be displayed.
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Program Operation

The data is assumed to be in x, y form (eg. north-south tilt 

amplitude versus time). In addition to displaying this data as a plot 

of T y T versus 'x', the computer will rescale the data. If the input 

is digitized data, the units of x and y are typically hundredths or 

thousandths of an inch. The scale factors RA, B, and C are used to 

convert the data to microradians, millimeters, hours, or whatever other 

units are desired. The conversion is assumed to be of the form:

x(I) = RA* x(D +B

y(I) = C* Y(I)* 1000. (lines 54 through 59)

If B = 0. on the Header Card, the computer sets B = -RA*x(l). If Sage 

South tiltmeter data prior to 19 December 1974 (when +x = south, +y = east) 

is submitted, the computer automatically converts the coordinate system 

to +x = east, +y = north (lines 29 to 35 and lines 50 to 55). The 

minimum and maximum amplitude (y) and initial and final x values are 

determined in lines 60 to 67. 

Output

The contents of the Header Card are written, followed by: TO SKIP, 

PUT 1 IN COL 1. Entering a 1 causes the computer to skip that data block. 

Any other number entered will cause the data to be read. After reading 

and re-scaling the data, the computer writes:

min/max x values (numerical values)

min/max y values (numerical values) 

The computer then requests plotting information:

Set horizontal scale ? y or N (= blank)

If an N (no) or blank (space) is entered, the computer requests informa 

tion for the vertical scale (described below). If a Y (yes)is entered,
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the computer responds:

min/max x values 

The endpoints of the x axis must be entered. Then the computer writes:

Set vertical scale? Y or N (= blank)

If an N or blank is entered, the endpoints of the vertical axis are the 

minimum and maximum y values determined from the input. If a Y is 

entered, the endpoints of the vertical axis must be entered. The plot is 

displayed after the scaling information is provided. The plots are titled 

using the information on the Header Card. The axes are labelled with 

the information in lines 68 through 71.

After the plot is displayed, entering a blank (space) causes the 

computer to return to the main program. The computer will write:

New plot = 1

Entering a 1 allows new scaling information to be provided and a new 

graph to be plotted. Any other number causes a new data set to be read.

Examples of the program operation are provided on pages 3-D.6 

through 3-D.40 - The program listing is on pages 3-D.41 through 3-D.44
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EXAMPLE OF DSPLAY OPERATION
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..DSPLAY, MCHUGH! 
LORD COMPLETE, ENTERING -EDIT 
UK - -EDIT 
-RUN!
LIBN1Q-27-74 .147 21.000 .113 
TO SKIP, PUT 1 IN COL. 1 
2\
MIN-'HAX X UALUES 2.022E+01 
MIH-tlAX Y UALUES 8.391E+02 
SET HORIZONTAL SCALE? Y OR 
Y!
MINxttAX X UALUES 
20 25!
SET UERTICAL SCALE? Y OR N< 
Y!
Mir>P^1AX Y UALUES 
0 2508



CM
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I
NEW PLOT=1
2!
LIBE18-27-74 .147 21.889 .113
TO SKIP, PUT 1 IN CCL. 1
2!
MIN'HAX X UALUES 2.82SE+81 2.2S6E+61
MIN/tWX Y UfcLUES -1.688S+83 -1.133E+83
SET HORIZC^T^. SCALE? Y Cfc
Y!
MIN/11AX X U6LUES
28 25!
SET ICRTICP1. SCALE? Y OR N
Y!

Y 
8
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LIB 18

a

C 
0 
M 
P 
0 
H 
E 
N 
T

A 
H 
P
L 
I 
T 
U 
0 
E

-750.

-1238.

28. 21

TIHE

74
J 

NEW PLQT»1
I I I I I I yT\  »» | f » »   I » » *

SA8E88-2S-74 .152

TO SKIP, PUT 1 IN CCL. i 
2!

X

-5. 

Y
3.512S+82 
SET

SC^LE? Y

i t 4 «_ » I t a.

8

22. 23. 24.
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SAS 87

8

c
0 
M 
P 
0 
H 
E 
N 
T

M 
P 
L 
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T 
U 
D 
E

10. 12

73

PLOT»1
? 9 f 3T

.152 ^

KIT i JN COL. 1 

X USLUES l.
t
Y I^O^S -3. 

HORIZONTAL SCa£? Y

Y U^lUJES

..(...,!

12.

14 18
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SAS N 07 73

e

c 
o
M 
P 
0 
N

N 
T -

P
L 
I 
T 
U 
D 
E

- 0©8

!

16

NEW PLQT-1
21
S68£91-22-74
7^ .113
TO SKIP, PUT 1 IN CGL. 1
2!
MIN/fc&X X UfcLUES 1.
2.157E+il

lT T^^L i ^y^^y ^r

.152 i

HOf*I20NTAl SCALE? Y 
Y!
MIN/mX X l^JJSS 
16 221
SET uerricfiL sc^i£? Y a
Y!

12.

(HOURS)

14
0

IS. 18

19
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AS N

1258.

C laaao 1000

P 758.
0

N
T 258.

A
H 8.
P
L  2>5g
I
T
u -see.
D

E -758.

10^3

01 22 74
! 

MBA PLQT»1

r 1 ' ' ' I^mjl^-^ ' T T 15£

~ TO SKIP, PUT 1 IN CCt. 1
2!

  MIN/mX X M8LUES 1.337E-»61
1.791E-H91
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I
NEW PLOT=1 
2!
BUYN66/29/75 .146 22.933 .109 
TO SKIP, PUT 1 IN COL. 1 
1!
BUYE86/29/75 .146 22.933 .189 
TO SKIP, PUT 1 IN COL. 1 
1!
fCLN18/27/75 .147 18.783 .566 
TO SKIP, PUT 1 IN COL. 1 
1!
JCLE10/27/75 .147 18.783 .566 
TO SKIP, PUT 1 IN COL. 1 
1!
BUYN18/27/75 .147 16.389 .189 
TO SKIP, PUT 1 IN COL. 1 
1!
BUYE18/27/75 .147 18.366 .189 
TO SKIP, PUT 1 IN CCL. 1 
1!
FCLN01/25/76 .154 12.227 .516 
TO SKIP, PUT 1 IN COL. 1 
1!
HELE81/25/76 .154 12.227 .516 
TO SKIP, PUT 1 IN COL. 1 
1!
BUYN81/25/76 .143 12.767 .185 
TO SKIP, PUT 1 IN CCL. 1 
1!
BUYE81/25/76 .143 12.767 .105 
TO SKIP, PUT 1 IN CCL. 1 
1
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I
HELN84/16/76 .148 11.267 .5 S
TO SKIP, PUT 1 IN COL. 1
1!
MELE04/16/76 .148 11.267
TO SKIP, PUT 1 IN COL. 1
1!
MLAN84/16/76 .142 11.383
TO SKIP, PUT 1 IN COL. 1
1!
M_AE84/16/76 .142 11.383 .525
TO SKIP, PUT 1 IN COL. 1

1!
MLCN04/16/76 .144 11.558 .516
TO SKIP, PUT 1 IN COL. 1
1!
M_CE04/16/76 .144 11.556 .516
TO SKIP, PUT 1 IN COL. 1
1!
SASE89/18/73 .160 -0. .12©
TO SKIP, PUT 1 IN COL. 1
1!
SASN09/18/73 .160 -0. .129
TO SKIP, PUT 1 IN COL. 1
1!
SASE01/22/74 .182 -0. .121
TO SKIP, PUT 1 IN COL. 1
1'
SASN81/22/74 .182 -0. .121
TO SKIP, PUT 1 IN COL. 1
1!
S4SE83/12/74 .165 -0. .119
TO SKIP, PUT 1 IN COL. 1
1

3-D.33



I
SASN83/12/74 .165 -0. .11$
TO SKIP, PUT 1 IN COL. 1
1!
SASE83/18/74 .163 -0. .126
TO SKIP, PUT 1 IN COL. 1
1!
SASN03/18/74 .165 ~0. . 12i
TO SKIP, PUT 1 IN COL. 1
1!
LIBN87/19/74 .179 -0. .127
TO SKIP, PUT 1 IN COL. 1
1!
LIBE87/19/74 .178 -®.
TO SKIP, PUT 1 IN CO.. 1
1!
LI8m9/27/74 .162 -0.
TO SKIP, PUT 1 IN COt. 1
1!
LIBE18/27/74 .162 -0. .123
TO SKIP, PUT 1 IN CGL. 1
1!
MELN09/29/74 .164 -0.
TO SKIP, PUT 1 IN COL. 1
1!
fCL£99/29/74 .164 -0.
TO SKIP, PUT 1 IN COL. 1
1!
fCLH18/19/74 .166 -0. .634
TO SKIP, PUT 1 IN CGL. 1
1!
fd_£10/19/74 .166 -0. .634
TO SKIP, PUT 1 IN COL. 1
1

3-D.34



I
MELE11/05/74 .163
TO SKIP, PUT 1 IN COL. 1
1!
J1ELN11/29/74 .162
TO SKIP, PUT 1 IN COL. 1
1!
MELE1 1/29/74 .162
TO SKIP, PUT 1 IN COL. 1
1!
HELN07/11/74 .343 14.SS5
TO SKIP, PUT 1 IN COL. 1
1!
PELE97/11/74 .343
TO SKIP, PUT 1 IN COL. 1
1!
MELm8/03/74 .348
TO SKIP, PUT_1 1H COL. 1
1!
HELE18/93/74 .348
TO SKIP, PUT 1 IN COL. 1
1!
SAS 09-07-74 .147 21.668 .113
TO SKIP, PUT 1 IN COL. 1
1!
MELE93-25-73 .147 12.6
TO SKIP, PUT 1 IN COL. 1
2!
HIM/MAX X U£LO£S 9.738£* 9 1
HIN/T5AX Y USLUE8 2.222£+©3 4,
SET HC&IZGNT&L SCSLS? Y CR N<«8L^K)
Y! Y!
MIN/T1AX X UALU£S MIN^IAX Y
9 14! 2180 4£83
SET UERTICSL SCALE? Y CR N<»SU^<)
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MEL N 12 28 74
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M
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-6800

i   i   i     i   i

15 16

T  I  I  I  J  I  I  I  T-I

HELE82-92-75 .152 -
888 566
TO SKIP, PUT 1 IN CCL. 1
2!
MIM/mX X UfcLUES 3.
8.972E+68
MIN/mX Y U6LUES -3.429£4e3-j
3.885£^3
^T HCRIZONTAL SC^1£? Y

X USLUES

TIME (HOURS)

2 9!
SET UERTIC6L SD^E? Y
Y!

3.

17. 18 19. 29
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  f » I I f W J

147
113

TO SKIP, PUT 1 IN COL. 1 
21

X UftLUES 4.731E+ 8

MIN/tWX Y U^O^S -3.918E+82
3.421E462
.SET f^^IZ^ITAL SUBLET Y

Y! 
MIN/flfiX X

3.5 11.5!SET Memo*. SC&LE? Y ca HC
Y!

Y U8LUES

TIME

3. 

(HCXJRS)
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PROGRAM LISTING

3-D.41



21 JUL 76 1Q.<48.06 MCHUGH .VECTOR

1 DELETEUGQ,LGOB, VECTOR)
2 VECTOR.
3 CXIT.
k LIBCOPY (GRAPHIC,TXLGO/RR,TXLGO)
5 LIBCOPY(JORAT,NPLGO/RR,NPLGO)
6 LIBCOPY (MCHUGH,TLTEVN/RR ,TLT£VN)
7 RUN76(S)
8 LINK(F=LGO,F=TXLGO f F=NPLGO,8=VECTOR)
9 VECTOR(TLTEVN)

10 VECTOR.
11 FIN.
12 EOR
13 PROGRAM VECTOR(TAPE5,TA PETTY = 20i,FILM=TAPETTY,TAP£7=TAPETTY)
1<+ COMMON/TVPOOL/TVPUL<8>
15 COMMCN/TVTUNE/ITUNE<30>
16 CCMMON/JPLCT/XLT,XRT,YLO,YUP,MAJX,HAJY,KX<£) ,KY<2) »LTITL(8 ) ,LU»
17 1 LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2<8)
18 DIMENSION IFET(8>
19 DIMENSIOh STA(IQ) ,NYEAR (1000» »NDAY(1000)
20 DIMENSION NMONTH(1GOO> ,TIME(iOQQ)»XIN<1000)»XFN(1000)»YIN ( 1000 >
21 DIMENSION YFN(1000>>A(3Q>tAMPCIQQfl),AZM(1000>
22 CALL FET(5LTAPE7,IFET,8)
23 IFET(2) = IFET(2>.OR.0000 0010 0000 0000 OOOQB
2k IF£T(8)=IFFT(8).OR.^000 COQO 0000 0000 OQQQB
25 CALL FET(5LTAPE7tIFET,-8)
26 TVPUL(5)=-.32 STVPUL(6)=1. $TVPUL(7)=Q. $TVPUL(8)=1.
27 00 10 I=i»1000
28 NMONTH(I)=NDAY(I)=TIME(I)=XINtI)=XFN(I)=YIN(I)=0«
29 YFN(I)=NYEAR(I)=0.
30 10 CONTINUE
31 PI=3.1^15926 $REAO(5,1)N
32 1 FORMAT(I2>
33 DO 2 U-1»N
3^ REAO(5,3)STA{IJ) $K=1 $SUMl=SUM2=0*
35 3 FORMAT(AlQ)
36 k READ (5,5)Nf^CNTH{K) ,NOAY (K) ,M YEAR (K),TIME(K ), XIN (K) f YIN (K ),XFN(K) ,
37 1 YFN(K) ,FACTOR
38 5 FORMAT(I2»1X,I2»1X,I2»1X,AU,1X,^(F7.2»1X),F1Q.3)
39 IF(XIN(K).ECU 999.99.AND.YIN(K).EQ.999.99.AND.XFN{K).EQ.999.99.ANO»
*tO 1 YFN(K) ,EQ.999.99)GOTO 
«fl A = XIN(K) $B=YIN(K) SC = XFN(K) $D = YFN(K) $LMCNTH = NMCNTH ( K)
^2 IF(NMONTHCK).EQ. 1)NMONTH(K)=3HJAN
^+3 IF (NMONTH <K) .EQ. 2 )NMONTH ( K) = 3HFEB
<+<+ IF (NMONTH (K) .EQ. 3>NMONTH(K) r3HMAfi
<+5 IF(NMONTH(K) .FQ. ^ ) NMONTH (K) = 3HAPR
if6 IF (NMONTH (K) .EQ. 5 )N MONTH (K) = 3HM AY
«f7 IF(NMONTH(K) .EQ. 6 > NMONTH { K) = 3HJUN
^8 IF(NMONTH<K).EQ. 7)NMONTH(K)=3HJUL
^9 IF(NMONTH(K) .EQ. 8 ) NMONTH(K)=3HAUG
50 IF(NMONTH(K).EQ. 9)NMONTH(K)=3HSEP
51 IF(NMONTH(K).EQ.IO)NMQNTH(K)=3HOCT
52 IF(NMONTH(K).EQ.11)NMONTH(K)=3HNOV
53 IF(NMONTH(K).EQ,12)NMONTH(K)=3HO£C
5k IF(STAdJ) .EQ.10HSAGE SOUTH . AND. hYE AR (K) .LE. 7% JGOTC20
55 GOT012
56 20 IF(NYEAR (K).LT.7i+)GOTOll
57 IF(LMONTH.LT.l2)GOTOll
58 IF(LMCNTH.EQ.l2.AND,NDAY(K).L£.l9)GOTOll
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26 JUL 76 1Q«03*<*7 PCHUGH .CSFLAY PAGE 2

59 20 Y(I)=1000.*Y(I)
60 YMID^Y(I)
61 YLC=YMID SYUP=YMIC
62 00 160 I=1»NEND
63 IF(Y(I) .LT. YLQ)YLO=Y(I)
6** 160 IF(Y(I) .Gl. YIP)YUP=Y(I)
65 LU = 7 $LNLGX=1 JLNLGY=1 $NCLX=2 $NCLY=2
66 MAJX=5 $HAJY=1Q SLTITL2<1)=1 $XLT = XU) |XRT=X<NEND)
67 PRlrXLT $PR2=XRT $PR3=YLO $PR4=YUP
68 85 KX(1)=10HTIME
69 KX<2)=10H(HOURS)
70 KY(1)=10HCOMPONENT
71 KY(2)=10HAMPLITUCE
72 WRITE (7,88) PR 1,PR2,PR3,PR<*
73 88 FOFMAT(*PIN/MA> X VALUES*t5X,E10 .3 ,5X,E10 3«/,
7k 1 *MIN/MAX Y VALUES*,5X,E10.3,5X,E10.3)
75 WRITE(7,70>
76 70 FOFMAT(*SET HORIZONTAL SCALE? Y OR N(=8LANK)»)
77 REAO(7,66)CHARAC |IF(CHARAC .EG. 1HN ,CR. CHARAC .EQ. IN )GOT07l
78 66 FOFMAT(Al)
79 WRITE<7,72)
80 72 FOFMAT(*MN/MAX > VALUES*)
81 CALL GETNUM(A) $XLT=A(1) $XRT=A(2)
82 71 WRITE(7,73)
83 73 FOFMAT(*SET VERTICAL SCALE? Y OR N(-BLANK)*)
8<* READ(7,66)CHARAC $IF ( CHARAC. EQ . 1HN . CR. CHARAC .EQ. 1H )GOTC7«*
85 HRITE(7»75)
86 75 FORMAT(*MN/HAX Y VALUES*)
87 CALL GETNUK(A) SYLC=A(1) |YUP=A(2)
88 7k IF(YLC.NE.YUP)GOTG87
89 IF(YLC.EQ.YUP)RG=YLO
90 IF (YLO.EQ.YUP)YLC=YUP-1.
91 IF(YUP.EQ.RG)YUP=RG+1.
92 87 CALL PLOTS (Y ,X ,1,NENO)
93 WRITE(7,89)
9<» 89 FOFMAT(*NEK PLOT=1*)
95 CALL GETNU^(A) $C1=A(1)
96 IF(C1.£Q«1)GCT085
97 GO TC 10
98 11 WRITE<7,12)
99 12 FOFMAT(*ENC OF DATA*»/ t

100 1 *CONTINUE? f YES=1*)
101 REAO(7 ,13)LFLAG
102 13 FORMAT(Il)
103 IF(LFLAG .EQ. 1) RENINC 5
10** IF(LFLAG .EQ. DGC TO 10
105 STOP
106 ENC
107 SUBROUTINE GETKUH(F)
108 DIMENSION FU) ,L(80)
109 REAO(7,9)L $ I=J=0
110 6 J=J+1 $ N=P=S=0 J M=F=1
111 5 1=1*1 $ IF(I.GT.80)RETURN $ D=L(I) $ K=4
112 IF(D.£Q.38)K=2 $ IF(D.GE.27.A.0 .LE.36)K=l
113 IF(O.EQ.i*7)K=3 $ K = K + S $ GOTO (1,2,3 ,5 »1 1 *»»3,^) K
11^4 1 N=N*10*0-2; $ S = *» $ GOTO 5
115 2 M--1 S S=<* « GOTO 5
116 3 P = I $ S=*» $ GOTO 5



26 JUL 76 i0.03.«*7 PCI-UGh .OSFLAY FACE

117 4 IF<P.NE«0)F=10.»MI-P-1) $ R(J)=N/F*M J GOTO 6
118 9 FO*MAT<80R1)
119 ENC
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